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LETTER 



Increased adiposity due to viral infection in animals 



Dhurandhar etal in a recent paper in this journal,' suggest a 
causal link between a viral Infection and an increase In 
adiposity^ in experimental animals. However, their other- 
wise meticulous work suffers from a lack of rigor in statistical 
analysis and interpretation of the results. The main flaws, In 
our opinion, affect the interpretation of experiment 1, the 
analysis of experiment 4 and the comparison of prevalence 
of obesity across groups. 

In experiment 1, two groups, Infected respectively by 
human Adenovlrus-36 (Ad-36) and an avian adenovirus 
type (CELO), were compared to a control group. A significant 
difference In visceral and total body fat was found between 
the Ad-36 and the control group. While the CELO group 
exhibited interaiediate values for body weight and visceral 
fat, it did not differ significantly from the control group. 
From the data shown, it can easily be verified that neither 
did it differ significantly from the Ad-36 group. Given this, 
and the low statistical power of the experiment (only 13 
animals per group), the conclusion that 'the first experi- 
ment demonstrated that CELO [...] did not produce 
adiposity similar to that produced by Ad-36 [...]' appears 
inappropriate. 

in experiment 4, re)ecting an animal from the control 
group when analysing the data is highly questionable in 
a randomized weight-matched experiment, particularly if 
selection is based solely on the outcome variables being 
analysed. From the data provided, it is possible to compute 
vihai .^owJdiiaveJ^ften Jthe^itwan .pja/LstaadaiidxWylatLoa for. 
body weight in the control group had that animal not been 
withdrawn (mean = 28,99 g and s.d. = 3.96). The z-score for 
the 'outlier' value, 3.38 g, was thus 2.48, which corresponds 
to the 0,99 probability level of the Gaussian cumulative 
distribution function. We can, therefore, deduce that In a 
sample of 10 animals the likelihood of having at least one 
value above or equal this level is 1 - 0.99**'rs0.10. It is also 
noteworthy that the above standard deviation is much closer 
to the one in the inoculated group (4,25) than the post- 
rejection one (2,37), which differs significantly from the 
latter (f8^'=3.22, P<0.05). The same pattern of results 
holds for visceral fat. The likeliest conclusion of these obser- 
vations is that, rather than eliminating an outlier, the 
authors did cut off the upper tail of the distribution In the 
control group. Strictly speaking, then, no significative differ- 
ence for weight and visceral fat can be found between both 
groups (we lack the necessary data to recompute tests for 
other variables). Equal sample sizes, rather than the chosen 



10 V5 20 scheme, would have reduced the Influence of 
an extreme observation in the control group and yielded 
optimal statistical power. 

The method chosen to compare the prevalence of obesity 
is statistically incorrect. Since the prevalence of obesity in 
the control group was fixed by the Investigator, it was not a 
random variable for this group. Furthermore, since the pre- 
valence in the Ad-36 group depends on the data in control 
group, the two groups cannot be considered Independent for 
this variable. Hence the Chl-square test Is invalid. It would 
also be interesting to know what algorithm was used to 
compute the 85th percentile in a sample of eight animals, 
and what were the confidence intervals of such estimates. 
Even If they were correct, these tests would not add further 
information since they would just be another (less efficient) 
way to compare visceral adiposity. 

Finally, extreme caution should be exerted in drawing 
parallels between what may be a mere acute infection in 
animals and a chronic disease state In humans. The chickens 
were followed up for only a short time after inoculation. 
After 13 weeks (experiment 3), the difference In visceral fat, 
expressed as a percentage of the control group mean, was 
lower. However, different doses and routes of infection pre- 
clude direct comparisons between different durations of 
experiment. Since no significant weight difference 
was demonstrated, it would have been preferable not to let 
the word obesity^'^ appear in this paper,* in spite of the 
faiClr!atiQg^qiiestians.it jrai&es... 
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REPLY 



We would like to thank Drs Preziosi and Czemichow for 
their critical evaluation of our paper, recently published in 
the Jnternational Journal of Obesity ^ The main concerns of 
Preziosi and Czemichow were with some of the statistical 
approaches that we used to draw conclusions. Before we 
explain our approach, we would like to assure them that 
we have replicated these results in several experiments. Four 
of these experiments were combined and reported in this 
paper. Undoubtedly, these preliminary results should be 
replicated In a larger number of animals, by us and other 
researchers, to make a stronger case for Ad-36-induced adi- 
posity in animals. We agree that study designs could be 
changed or improved to address or confirm the questions 
raised In tills study. 

We do not agree that the conclusion drawn in experiment 
1 Is inappropriate due to low statistical power. Although 
adding more animals would have Increased the power in 
experiment 1, Allison et afi have shown that in unbalanced 
groups with a subject ratio of 2: 1 the resulting reduction in 
power is not dramatically lower. Also, the fact that statisti- 
cally significant differences were obtained despite the small 
numbers is, in our opinion, more impressive, particularly as 
we used the stringent Bonferroni adjustment following the r- 
test for this experiment. In addition, one-way ANOVA of the 
control, CELO and Ad-36 groups showed P= 0.01 for visceral 
fat but P=0.30 for body weight, and further supports our 
conclusions. Thus, although a low statistical power could be 
a concern before conducting an experiment, it is much less 
relevant when an experiment has already yielded significant 
differences. 

We disagree with the comment about the treatment of 
the outlier in experiment 4. Although there are several 
approaches to the treatment of outliers in performing data 
analysis, we have used a perfectly acceptable approach of 
excluding the data point if it qualifies as an outlier, As stated 
in the paper, the outlier animal had nearly 40% greater body 
weight and 305% greater visceral fat compared to the respec- 
tive means of the rest of the control group. This animal 
qualified as an outlier by two seprate statistical tests (Q 
Distribution Deviate and Maximum Normal Residual Test), 
and was therefore excluded from the analysis. As stated in 
the paper, thi^-was-a preliminary^ experiment to investigate - 
the adipogenlc effect of Ad-36 in a mouse model, and we 
agree that equal sample sizes may, be a better desij^ for 
future studies. 



We agree that tests better than 2x2 Chi square could have 
been used to assess the significant differences in adiposity- 
related variables in the four experiments. In fact, this cate- 
gorical analysis was only meant to supplement our more 
forma) analyses comparing the group means on continuous 
dependent variables, such as fat mass. In this context, it 
should be noted that the title of the paper states that 
adiposity (not obesity) is increased in the vlnis-lnfected 
animals. 

We strongly disagree about the usefulness and the appro- 
priateness of the prevalence of obesity that was calculated. 
The Centers for Disease Control have used the 85th percen- 
tile of body weight as the cut-off point to define obesity in 
the NHANES surveys in the United States. Obviously, there 
are no definitions for obesity in animals. Human definitions 
of obesity use body weight and/or body mass index (BMI) for 
convenience and as surrogate measures for Increased body 
fat. Many obesity researchers would prefer to define human 
obesity based on body fat content.^ Therefore, defining and 
calculating the prevalence of virus-induced obesity in ani- 
mals is neither inefficient nor irrelevant to human obesity. 
The 85th percentile was determined arithmetically, using 
Microscoft Excel. 

Thirteen weeks and 21 weeks represent significant 
portions of the life spans of chickens and mice, respectively. 
Therefore, we do not agree that these were short-term 
studies. We do not understand the relevance of the 
comment about different doses and routes of infections 
precluding direct comparisons. Our paper clearly stated the 
purpose of each of the four experiments, and each stands 
independently. Also, in contrast to the statement by Drs 
Preziosi and Czemichow, the percentage visceral fat in 
experiment 3 is very similar to (not lower than) that 
obtained in experiment 2. It appears that they may have 
compared the visceral fat of chickens with that of the mice in 
experiment 4. 

In humans, body weight is used as a convenient opera- 
tional marker to determine the degree of obesity, although it 
is strictly an excessive accumulation of body fat and not 
weight per se. Therefore, body fat is a more relevant deter- 
minant of obesity than body weight, and in the paper we 
refer to the •'increased adiposity' due to Ad-36T As- stated in 
the paper, 'obesity was only arbitrarily defined in order 
to express the response of individual animals, to Ad-36 
infection. 
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In summary, these studies should be considered as a 
beginning and not an end, and the suggestions of 
Drs Preziosi and Czemlchow should prove useful when 
conducting future studies. 
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Human Adenovirus Ad-36 Promotes Weight Gain in Male Rhesus and 
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ABSTRACT Although obesity has multiple etiologies, an overlooked possibility is an infectious origin. We 
previously identified two viruses, SMAM-1 , an avian adenovirus (Ad), and Ad-36, a human adenovirus, that produce 
a syndrome of visceral obesity, with paradoxically decreased serum cholesterol and triglycerides in chickens and 
mice. In the two studies presented in this paper, we used nonhuman primates to investigate the adiposity- 
promoting potential of Ad-36, In study 1 , we observed spontaneously occurring Ad-36 antibodies in 15 male rhesus 
monkeys, and a significant longitudinal association of positive antibody status with weight gain and plasma 
cholesterol lowering during the 18 mo after viral antibody appearance. In study 2, which was a randomized 
controlled experiment, three male marmosets inoculated with Ad-36 had a threefold body weight gain, a greater 
fat gain and lower senjm cholesteroi relative to baseline (P <0.05) than three uninfected controls at 28 wk 
postinoculation. These studies illustrate that the adiposity-promoting effect of Ad-36 occurs in two nonhuman 
primate species and demonstrates the usefulness of nonhuman primates for further evaluation of Ad-36 -Induced 
adiposity. J. Nutr. 132: 3155-3160, 2002. 
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Obesity has mult^)le etiologies, but infectious agents have 
been consistently overlooked as a possible origin of human 
obesity. Three animal viruses have been reported to cause 
obesity in nonprimate species, but have not been implicated in 
initiating or maintaining obesity in humans (1-3). We have 
now identified two additional viruses, SMAM-l, an avian 
adenovinis (Ad), and Ad'36, a human adenovirus, that pro- 
duce obesity in animals (4-7). In 6 separate experiments, we 
have shown that these two adenoviruses produce a syndrome 



^ Presented in part at ?) Experimenta! Biology '99 April 1999, Washington, 
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Schultz-Darken, N., Israel, B. A.. Kolesar, J.. Strasheim, A. AAtklnson, R. L. 
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of visceral obesity, along with paradoxically decreased serum 
cholesterol and triglycerides in chickens and mice (4-8). A 
capillary electrophoresis assay designed to detect Ad'36 DNA 
(9) showed tropism of the virus for adipose tissue of the 
infected animals (6,7). Ad'36 -induced adiposity in animals 
was hyperplastic and hypertrophic (10). Preliminary data 
showed a marked up-regulation of adipocyte differentiation 
induced by Ad-36 (11,12). In humans, serum antibodies to 
both SMAM- 1 and to Ad-36 are associated with obesity and 
lower cholesterol and triglycerides levels (5,13). For ethical 
reasons, the definitive experiment of injecting humans with 
Ad-36 to determine a causal role for this virus in human 
obesity is not possible. Nonhuman primates are the best sut' 
rogates for human experiments. In this paper, we used two 
disparate nonhuman primate species as models in which to 
study the adiposity promoting potential of Ad-36. 

MATERIALS AND METHODS 

Study I: spontaneously occurring antibodies to Ad'36 in rhesus 
monkeys* Adult male rhesus monkeys (Macaca mulatta) were 
screened for the presence of spontaneously occurring antibodies to 
Ad'36, to ascertain their association with longitudinal changes in 
body weight and cholesterol. Frozen plasma samples from adult male 
rhesus monkeys (n = 15) were obtained from the Wisconsin Regional 



0022-3166/02 $3.00 © 2002 American Society for Nutritional Sciences. 

Manuscript received 2 May 2002. Initial review a>inpletcd 19 May 2002. Revision accepted 20 June 2002. 

3155 



Reproduced with permission of the copyright owner. Further reproduction prohibited without permission. 



3156 



DHURANDHAR ET AL. 



^Ooi^ to 






:::=!:! \wTi0(g:sr.. . :. 


. v:... ^*';;::t; Energy; kJ (kc'ai)y 






:.-::: i150:ii- ' ii: " : •■•;:=' 




•.'JlQO-iiO: xliK:.. 


i:;' j:"' . Crude tib^ir, g .'■ _ . • 





.?■ Wmrnlsi contains catdum> 7, '9 <?; phosphoais, 4.S^; potssoiumV = 

coppeOO mg: seiento,* I n^g; cfifomiufji, 2 h^g; *ron, 27a mg; 2inc;31 
• Wig; UJa!ig<«»«?s»;.62 mtj.. - - 

: :=add, 55.mg:foh'cacid;2mg:;thiarnjr^, 19' mQ: b^otinv 4 mg; choftne, 1259 . 
mg; <;h61icalci1efoL 34 mg; \<itan«h A; 40 rng; ^Htan^n K;'50.rng;i vitamin * 
e, 227 rng:, vftamin a-12, juq; ^yitoniin. C, lOJ / nip. 

Primate Research Cenrer (WRPRC),'' Madison, Wl. Rload samples 
and body weight measurements were collected every 6 mo for 90 mo. 
Monkeys were offered once daily a purified diet (#^5387, Teklad, 
Madison, WI) supplemented daily with a piece of fresh fruit. The 
composition of the diet is described in Table 1. Energy value of the 
diet eaten was ~167 kj [700 kcal/{monkcy • d)]. Monkeys consumed 
water ad libitum. All monkeys were between 8 and 14 y of age when 
the first plasma sample available for this study was drawn (baseline 
sample). Plasma samples were used to determine total cholesterol as 
well as antibodies to Ad-36, using the neutralization assay described 
below. For each monkey, the time of first appearance of Ad-36 
antibodies, as well as body weight and cholesterol were determined 
for 18 rao before and after the first antibody appearance. 

Study 2: infection of marmosets with AxJ-36. In a randomized 
experiment, adult male common marmosets {Callithrix jacchus) were 
inoculated with Ad'36 to investigate prospectively the adiposity- 
promoting effect of the virus. Ad-36 antibody -free adult male mar- 
mosets (n = 6, age range 2-6 y) were obtained from the WRPRC and 
were divided into two weight- and age-matched groups (each n = 3) 
that were individually housed in two separate rooms. Marmosets were 
fed once daily ar 1230-1400 h —20 g of a specialized diet (Table 2 
Zu Preem Marmoset Diet, Premium Nutritional Products Topeka, 
KS). Two small chunks of fruit (varied daily, —10 g) were added to 
provide variety and ^5 mL of yogurt was spread on top, providing 
supplements of vitamin C, cholecalciferol, and calcium. Based on our 
previous experience, 20 g of the diet is slightly more that the amount 
consumed by marmosets in a day. To verif/ ad libitum consumption, 
it was noted that some food remained in the cage each day. Monkeys 
consumed water ad libitum. After 4 wk of acclimatization, marmosets 
were anesthetized with ketamine-xylazine [10 and 0.5 tng/kg, respec- 
tively, intramuscular (i-m.)] and inoculated intranasally (i.n.) with 
tissue culture media containing either Ad-36 virus (5 X 10^ plaque 
forming units; Ad-36 group) or no virus (control group). Blood 
samples were drawn before inoculation (baseline) and also 10, 17 and 
28 wk postinoculation and used for antibody screening (using the 
serum neutralization method described below) and for determination 
of serum cholesterol and triglycerides. Using the stable Isotope dilu- 
tion method described below, total body fat was determined at base- 
line and at 28 wk postinoculation, when the experiment was termi- 
nated and the monkeys were killed by administration of an i.m. 
injection of 10 mg/kg ketamine and 0.5mg/kg xylazine followed by an 
intravenous (i.v.) injection of 100 mgAcg pentobarbital. Visceral fat 
(intraperitoneal fat) was carefully removed from each carcass and 
weighed. Samples (—1 g each) of the visceral fat, liver, skeletal 
muscle, lung and brain of all monkeys were flash-frozen in liquid 
nitrogen to screen for Ad-36 DNA using a nested polymerase chain 
reaction (PGR) assay. 



" Abbreviations used: Ad, adenovirus; ATCC, American Type Culture Collec- 
tion; CPE. cytopathic effect: lACUC, Institutional Animal Care and Use Commit- 
tee; i.m., intramuscular; i.a, intranasal; I.v., Intravenous; MEM, minimum essential 
media Eagle; PGR, polymerase chain reaction; WRPRC, Wisconsin Regional 
Primate Research Center. 



Animal care. Rhesus and marmoset procedures were approved by 
the Institutional Animal Gue and Use Committee (lACUC) of the 
University of Wisconsin at Madison. Monkeys were housed individ- 
ually in cages that allowed auditory, visual and olfactory contact. The 
Ad.36 group and the uninfected aintrol marmosets were housed in 
two separate rooms under biosafecy level 2 attainment. 

Tissue culture techniques, A549 cells (human lung carcinoma 
cells) obtained from American Type Culture Collection (ATCC, 
Manassas, VA) were used tu grow Ad-36. Minimum essential medium 
Eagle (MEM) (Cat ^ M-0643, Sigma Chemical, St. Louis, MO) with 
nonessential amino acids, Earle's salts, L-glutamine, 10% fetal bovine 
scrum and 2.9V/o NaHCO^ (v/v), pH 7.4, was u.sed for growing the 
cells. 

Virus growth, Ad-36 wa.s obtained from the ATCC. The virus 
was plaque purified as previously described (6,7) and grown in A549 
cells. A working stock of virus was prepared as previously described 
(6,7) and was titrated on A549 cells, divided into aliquots and stored 
at -80**C. 

Serum neutralization test for detecting antibodies* Rhesus 
plasma and marmoset serum were tested for the presence of Ad-36 
antibodies. The assay used A 549 cells and was conducted as a con- 
stant-virus-decreasing-serum method, as previously described (6,7). 
The absence of cytopathic effect (CPE) of the virus on A549 cells in 
the presence of the test ierum is considered an indication of effective 
neutralization of the virus and the serum is considered to have 
antibodies against the virus. Samples were considered antibody pos- 
itive if the serum titer was ^1 :8. A few rhesus samples demonstrated 
cell-toxiciry up to 1:16 dilutions. For the.se samples, a more stringent 
criterion of titer (^1:32) was used to denote antibody positivity. 

Cholesterol assay. Fasting total cholesterol was determined in 
duplicate with a cholesterol -oxidase-peroxidase method (Cat #352- 
500P; Sigma Chemical) using 10 of scrum. 

Development of a nested PGR assay for detection of Ad-36 
DNA. Four primers were designed to unique regions of the Ad-36 
fiber protein gene for use in nested PGR detection of viral DNA. 
Sequences of primers were as follows: outer forward primer (5'- 
GTCTGGAAAACTGAGTGTGGATA), outer reverse primer (5'- 
ATCCAAAATCAAATGTAATAGAGT). inner forward primer 
(5'-TTAACTGGAAAAGGAATAGGTA), inner reverse primer 
(5'- GGTGTTGTTGGTTGGCnTAGGATA). DNA was isolated 
using a QlAamp Tissue Kit (Cat ^5^29304; Qiagen, Valencia, CA). 
Negative PGR controls were water and DNA from uninfected A-549 
cells. Positive PGR control was DNA from Ad-36 infected A-549 
cells. DNA u-as denatured for 2 min at 95**C and subjected to 35 
cycles of PGR (94**C for 1 min. 55''C for 1 min, 72'*C for 2 min) 
followed by incubation at 72°C for 5 min. PGR products were 
visualized on a 1% agarose gel with a size marker. Nested PGR 
products from pt:>sitive control (Ad-36 DNA) and infected marmoset 
brain tissue were sequenced to confirm amplification of targeted 
region of the gene. 

Virus isolation. Adenovirus infection in marmosets was con- 
firmed by collecting fecal samples (wk 4 and 9 after Ad'36 inocula- 
tion) and growing the virus on cell culcutes as described earlier (7). 
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vftaniirv £,: 9^4 mgf thi^ihe, ii^^sO. mg: IH^ ,\8lG. frig-; pyriddikihe;= 6;2l: r 

=;fmg;ln;a6in;>55.0;m5;i'pn^ nr|g;lbi<3ttnN0.28:m9;'lfpd^ 
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FIGURiE 1 :r..A<J€nov»tis4Ad)-36 ^jntibody. appearance! an^ body 

Fiasma iaiirtpies ffdrri mate' rhiisus iT^brtkeys ■ weif-e C0\\ scted every 
6 mo for.?*0 mb and teslesd ior antibcKiies.b Ad-3Si:Body weights ^are. 
pioHed.fDr:the IS before; the onset of. AcJ-35 anttbodies ."-12 
af)d -6 irtcj) and afta* >herm6nk&ys becanie antibody po^itiy'e {0, 12 
arid 18 mo), *DKfe/enl f^•6m tit© body we^sKi at - fs mo (the i^st anti- 
bod.y-lrije value), P -^'"0,05; • * 



Body cmnpimtimi analysis by stable tsato^^t: diiuiimi zncthod* 

BliVd {\ mlJ dmwrt Jx»Ut.HV<jd hi' i.w aJsiixiistr.rtivfh -/if O.i g/Kp^ 
'^liMjt^numV (>xki<\ TliV dtS^e ^v^j.n ^.loter^uned by w4:tgKit>.g tfu'. syi«^|tjc 
K*l^>re yiid after >tdtViirt(^rrdf.k>n. A M-:*.'otid 14o<xi ^<^jTlpie KifJi^ obt;utied 
2 h :-ifrerthe Equnibe^don Ditu' for tliv >(i>bk' Koi^pt ■•''6C-"7'i 
mlrt foT rteu? monWys;* ihraAire, 2 h \vha ^r^.ti^ultced itde^vuva* 

•determiiie<l bv- forciti^ the \^<'.i;um ..through :U ivX^OOOrpci exclusion 

■hied tTi.Vm rhc fit>iof.ic itnidchineni: oivhi^ lrK-^m\\-^\eAVp\AtW^^^ 

. j'-re^iosc iami>ly.: Far.-ta^fc^ front txn^l kdy >vrirer, 

';^ubfcicrin^;" tiU*trcc*. viv^ W^HiMvsr/ bfeU ^tSdf iw'ii^.i; =^;:== 



St«dj^ 'Mwofti^viirifiit* {O-Fln^jt} ic.<r. Lk^ti Vre Conduct jng i-ntvor-' 

th« {\S\vaoa'iU>l« c4 ligo in tl\e mixed ehhA:^ tnudel. dit? efL^t of Ad- .^6 

I '['i'JjyiviirUi^^^^ i'^Upiyfiriuic fesLvv-^xre. ca'^^ucteci-^^ Wliai! 'the 
fxmjiti V'aV'iiiTt^'- T^^^^^ • riifican tli E^'di' ='iii.'rHM -deVU *^i|naHc;i; (>»:;ejgH^ 
; [JtViJiciiolt^stei^piX:* 
(jt^lvnomiah.of" aj^e m a. nc^txcd-dicct rrtodel. ; ; , 

^: wStiitdy'2* ' !.Grbui^i\vc;v' cc'ifi^Pii'tcdfusin^^ ii|i;p; 
?.Kt U-^xi ftu' means -^J „Sl\ ■ • *■ . . ; ; 

Irhesiis : wonfejf^f.s'Il i the :.?:Q -mo i jH^^^ : 15 tm^nVt^vs^ 



pbisinu;li.itl;;iKii'y^ Hni^thdua] : pa item. OLiiSi.mdrv-; 

wi^ii^te i^iui cHoiesVeroU mvii after -the'-hrsr appeaf--;^; 

= fiiicc or 'cautbiSdies'^^^ rcmiiining"?:: nit>n];cys 

^?wpo.^inVe .for::;-/\(J; '5ifV ifniU^HxIiey^ai." baseiiue: aiUi- vvereyex 
• cKide'Ll from. sn.insrical j ami yjiisr-.: y.- T • • • :• ' . : ^'.{.: '■ " * 

Bd'urc isepamc.it^ condticu^J. ia. miLfjti: [ 

ckqlktbc^ t?- ^'i; 0:005 }r- •:. i *"•; 1.*':==^=: = 

• : Tlu*: monkery??' w*;re cc^^^^^ Ui^eof antikxites fix^m !:r:]8i 
to ^-6.:™. Ix'fon^^ the ^ rsVpi^saiye'siun^ this was designated; 
=?t;> the ^:ha^elaie.:: j>cTit>(J.::wl'iyaeas.t to jr. IB; 

mo after .serpc<;.r.vvi^r^i^m..^vil^^ dv.signr^ted asjt-h^ "*po«>t.irifcctidn 
j>.*fiivK*' Rt>dy weijihv finci pViisim chnlcsteroi level chrtages'for= 
1^ ixto Ivfore* jfrid JB':k^o afier^'r^^^ Inst ^ippei^rrince. of Ad-36= 
at^tilvdy.are pre^ifated in FIguresJ J and 2..1^iiTie point **0 mor 
denotes ilic Uvit aiUibojJv :!po>itlv4r:: sem^ saniple for each 

WdgHu Ikvdy- wii.'Ki chaa^^^^ Utile dudru^ thiV baAt'lirU^i 
:pcru;d,.\i&Te;^n!^^ Itv::. 
ciMKHStt die l-^odv <vcighc iuctca^^ Ky:>T lO% in"6 xno ^r\d hy:\ 
:--'1.5% VI ,7= ± P;8:k^;, !P-< </.0.>) at 18 mo^dtirui^i d^<^ 'Yxxsrin-^ 
fection" period; (Ft a. 1% in the. fuH stadsncal nK><jei,:ti^c efiec.r: 
.of . Ad*36:. antiht.Kiv Jstat.u^ iw^u^ sigaificantly , aVkKiaied With ! . 
. wcighrgdin (F':f^ 5:.4?: df ™ l,96v'F'^ 0X^21 ^i'l'he par^iVict^V ■ 
eMi mate for the effect or Ad- 36 aatiKxIy sxmx<^ wsts 0.B1 kg, 
indicating that rh^-. generation of .Ad -36 iintibcKfies wa? asso- 
ciated v^'it.h art h^a'ea?>e in b^xly wdght. 0.81 kg, 

Cholestend . Pla$m<i clKile.i;tcj rol i le vck wm^ stab! e during 
the b^iseline period, hui decreased. hy.- 23% {P " 0.06). durmg 
che 6 mo iiumeJtatdy rafter ?.b.e appeanince c»f Ad- 56 antilxxb 
u^!^ artd remained lev/ firr vit least 18 mo dudrt^ the postinfec- 
riurt period (Fig. 2). In rhe iidi $^tali5ti<.al rnctdel, the effect of 
Ad-36 aniihndy strttui; was i?ignilkant. (F - 5 J 5; df ™ 1,%; P 
- 0-023). The para?ueUtT iCc^uniAre for ih^ effect . of . Ad'36 
.anxilKH^V .iJUitii^. vvvfs Ov49 .TTunoi/L, indioatiug that the ^jeiiera- 
.t.k>n of Ad'.36 audhodie'N ivos .a^^^rciated with a decrtvi^c in 



■r>.::?rr:Wialt)><fjf:;:: 




12 -18 



Time (mo) : 



; FIOUfiE .a Adenovin^ {Adyzs ^ar Hibody appearance and pfasima ;i 
iiichc^ei&ikjixilpchan^ 

K6;mo 'fopd mo::sunid jfJSt'edf to, Adf36j[piism^ o|?ioi.#teroiji 

] ( "fsV -iS and -iSjWo) and aft^ir the'monfe ahtitSodj^ifkis^ I: 

i .fti^s {0;.6:.12.an'dM8'a^^^^ pnGrontffom.tt^ .r,6:mo<the.|| 
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:isi%ttia;. UK:eU bt choiesterSl ;|y^ -p^^P .iniM^ir^;:^ : when 
j<;.dnd^^^^ l|\c Jfirst: appc;arti^^ , 

|nii|nKncivT the^irhcsus monfe\v,<l iriici"^ weights ^nd 

- lower: ch^ • K:'i!:iii!^=' i;||^/i!:i;ii;:P=::jr='; qijl .f::: ii*.:;'; 

iJorV: '^ssAvi= sho:^'ed:.i.ani abs^^^^^ ofirx-^dr^^ jimUlxx^^^ -in. the 

isoLarcd froni iho focal jjaix^pies of tlui comroi tjwup at any dine 
during the. >tu%.i-iovvovcr» the mfcctK^'e isolacedrat 
btith 4 imd 9 wk pc>scinfx.ubc( the .fcU ^santplc^.of t]}<^ 

naribodics; The ru\«reci PCR as^ay;;- however, vkuH:t(H'} Adr36 
XMK in the O^to^ise tissues iiver, sfokrai masde. Lung and the 
br<iiu .SiirnY^ies nf SIf three Ad-/i6 jinociilarecl manrioserl hiir 
aoi in any ; fTK>r\key in ilie conm^ j^f^l-l^^^^^ ^^^^^'^l-^^l^ as^sHv 
reailts foT"th<:: a<lti^c\se tt*isutr6tyrKt\ two <^^^^^ pr&sifated in • 
Figure 3.:ilcolatioh:bf:;Ad-36 .ytntH.;fom f^^ij . iJ>im4>l.e.s md rhe 
presence of viral ON A in die tii^jjue 6f 4^ ihfe<^*^^^'-rn ctanon- 
sibWd that niVuh u^jk^ts were ivadi i V i t il dtitieci ^Uitii : A*.U5 6 . = = == = 
Ar 28=wk. arVer .inocalarJon. the. Ad'36 ^rnuip kui: greater 
hi^ weigiv:..giii.ri' (;4L.4' 1. 2 .g vs, 10:8..^ 1 }j^4.g. .P. ■•^■.0.039;: 
Fig* 4) aid coteil b^Hy fatjgairi (36.3.. ±=.64 :g v^si 23;0 ."t.^-O 
1? .— 0.0 1.^} rhan .coniTob, The fiiean xveighl gain oi 4i g 
represented 12% increase' in iW. Ad- 36 t^roup conVpi^red wirh 
a 3-2% mcrerise in rhe control group, a rhrt^eloid difference. 
Tl>^; Ad-36 group tended m have racre. visceral, fat than 
Ci.minjis (7,3 ± 2.^ ^ Vj. 4:4 0.:^:^, P :;;= O.OB*)}, respite the 
gaitt in fai- Tna:x<^and bcdv vveijiihc, seruntcholesferal leveb v/ere 
lower in the Ado6 i?roap than u\ canrroU (change frt^in 
baseline: -~0.?9 ± 0.2B ihmpl/L vs, OAQ OM mnioilU P 
~. 0<006;..Fig, 5). The change, in umm tnglyceridt'^s from 
VascHne tended to be greater in .infected .marmn^et^ that in. 
cxMUrub ( 0.52 0.23 mmol/I v,s. 0d4 .t mmol/L, f 




. 0. 2 4: 6. 10 12 .14.. 16:= 1$:;: 20:= 22 .: 24 1^^^^^^ 

■| TiWe postinocOlation <wk); 

^ FIGURE 4; Cumuiative. body weioht. gains in jnarcnosetf* .after 
tnocuiation ^wtfi ad&novir(iS ^d)-ife. Values' ar^imeans'i: sc, h - 3 per-! 
groiip. XHfferem from control ^ 



^'as;9nC:0l* the niairv reason;^ t^^^^ to test .(or-the= 

adiposity -pro'tnoim.^ inflect 

The coticcpt of s'trui>-iridtie<^d pbe-siry: J^' =c.f ;greatiT.iiinppr-.=, 
loiKe if -shown to be releyanc Kj human obe^ittv. Aklto»gh;:we 
have derrion^tmiied the '^dtpogenic and hypolipidemic effect • 
. of a.hiinian vira< in animals such nis chickeits and:niice, we can . 
nor coitclii.siveiy exin^p;.?kue die Te>tilt>^, witlioui verifteation/ 
to human obesiiv^ Dilferences Upid meu^bc'lLvm between 
lower animals and prfrnutci^ preidude such a direct extrapola". 
rion* For hi5ianee» the encr^^v iner>ilx^l ism of chlckeits is ba^ed 
on free fatty aciik, not glucD.s<% and Uxsulin isci minor impor- 
rance* Such raeiabolic dtfferettces clearly warmnred the u.<^e of 
a higher nicxlel to estsbiisK the reieVance of tHc findings to 
human ol-^esiiy. In addinorti because of erliiad reilK>n^, hu- 
rnans can not be thfecnVJ i^xj^^nnientally with Ad'36 to verifr 
its adipogcnic etfeci direcclv> Tnerefore, =Ave ;decid(^J to ; use 
nonhiunan prin)ate spf^<;it^s. .as tlu; besit way of derernViinng the 
relevance of Ad •36 ^ in human obcsiry. - 



DISCUSSION • 



. " Although 50 t>^:e5 of htintan adchiJV are deposited 
v^ith the; .ATCC; kd"56 \<thc hn^f ireporrcd^.m caase.bbe^^ irj 
.animals (6.7). Ad'.36 Is i,ero1tJgicaUy d.i!Tere.ttc:iVom.ac least. 47 
of tht*' vl-ither 49 human adenovinise^ {15-22); it v}M lirst 
isV^bted itvl97^ in G.t7n>any=frimv=tfiei t^^^^ of|'a diabciic j?irl 
suffering from; cnteritb; (17}. P.eji:Utye aptJgi^nic. iiiStijueiu^ss 



&4 ^ 



:=s-i' ' 




Vrtis {)^]-36:DNA dsloctJpnlri.tbe marrhoset acitpc^e^^^ {n ^^$). Key 
•'Sfc'iDNA: laddsfV 1 : Ad-i36 pNA. posJtiye =cbnt«)| ■ 2:^%- ■ adipose vtissu€ 



jfrbnri 



seis^after in(x;uIafion'wt1h Ad:36:-V^ues'are meapsii ::: sd. ilri ^!!3 piar 



Jromih© unttiteistbd^cdntroriTaanrn^^ adipose: tissue DNA 7 =>e|s after inaculafion with Ad-:36:-V;^ues are r 
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: . muxiuyifh fUfyafeiys Is -hoi:; yet Ibioiy h . ; Ho w(i;y'^;rl^^^ ori I P 

Hpcck'^s ;^pea$c m-iihcir xpphviiilinf cyc^^^^ \yh h:i\y rca>vert;ii= ! 

: ::and hriv^e dnecteii iiaturwHy ociCuniiig ;*htiK>iIie.^ uv Ad-:36jh:^^ 
<;hicl(cns=^3^ wall as rnts (impuhh^hcd Afera), Tlic ybility. tji' 

: ^ sf^edes is m.it.;}.elf una^^^^ Therefore, the prescndu\f tutturaliy; 

spccificfiliv: detecivncutTafi;uT^ 4inr^ hi .addition tOiithe::. 

pre vii^it^ly t epar ted i iit ilnnil ^ niigerli c: c ! v«i- reiicvi v i ty oi': 
1 16,~12), wc confirmed thac.Ad-io dc)e5^,noc cross-reacr i 
iwith oiiief huin*m' icui'inov'icu^es such as Ad- 2, Ad' 3 1 or Ad' 3 7 

: . .ies dear. red fn dic:rhcM^ nioakey pl^^snVi^ thav lieiuralitcd. 
'• ' =Ad-36 \vea^ Vinfii^>diM coibrKt't Kutrnin jV^lencnnmj^i:;^;/ Anvi 

Ad-.36 lire -Vix^i^ihtliii'* altHoiigh cwi'-rea'ctHih^^ Bcr.Wee?^ ii 

In rhesus monkcysv,a p'osirm^ cnrreluUon t/vige Ixxly 
vvoil)Kt ^aiid ^rt;ni chbie^tcrol wuk\ liave bcen.cx:pcc>c<dy The; = 
: .iiacreai;^^ . in [xkIv xrei^hr and ...drop , in cholesvei-cl dmiivd che 
posriafecdon i-^iiricd rhat pcv.sisrt^i ^t- ven after conr.n.>l]m|> for 
ngc supports our Kypovhesis that these chiu^ge;; w-etc dshocnu-d 
With rhie jippearantc ol' Ad-36 vintibodies, 

A compari,vorv oi body weiiitu* oiid piasm^i cKoie>cerol 
chafkiie^; between ariti1x)dv p>.>sirivc ond anvilx-x^y-tn=;c mf«ikeys 
would Kfive Innm optimal to eliminate the eflccr of age or^ 
these variables J=lawcvt:r, all E5 rbesns ntpakev^i developed 
Ad'36 unt.jbtxiks^ at diitermt timt^ durmg che study period, 
I tkiis preciuding such a comparisori, Nev tirtlu^k^^ the follow- 

• cholesterol <A^cj:vt>d^verc riot' afje r^^^^^ 

i: The age. of the =mcf \key? ranged from 8 io 1 4; .y- Tiit; ^<j>re of 
die fot opp^orana.* of annbixlics vHrilid amongithe monkey^: 
. ifxeg^Hiless oi'.the:3ge:fjfswcon.vcr^iior\i^r^^^^^ svaslittk change 
. in bcily. weig&s or phismii cholesfcror in- the 1 BJmo before the 
fim/'ajHV^airinc^ iif 3nribodics.i=T[ids, altlKnmlJvhe. peririd bejr 
.foj-e the onset of aautodie.s represents: different agcit .for.in<lvr 
yidual mot^key>;, their body wei<:HViy wtjte stable diirlnir this 
. : fXjriod. Sitich a srabilizatit^o t>f Ixniy >veight f> cxpbotal in adiik 
. rhesus monkeys :\v'ho hnv'c coinpletSed; their giXHvth'iiAlsb, an 
= aee-rei'ke.d d(»^dmi? in plasrna; chold^teroi is liot. expected, ih 
■, : frot;b>^1ki rhe^us'^monkey.^;' jn.^effecty each nionkey J^cted n^i his 
•==own^:.onfror for l^ody wehjHt. aha <Uib]cW.er61tc<Nmpan 
l:.betefe;^.and ::Virfer: jhe; ;:?*-rfx;onyerskuv::i /Vs : >roj.t^j[ If ^r^^PT^ }SP 

:?|ap^ntidruv^nda^ ufseKjfc^inx^)^^ b<|3y;|w^i^ht ^ 

^ii;M^fthSiest^^ 

, :|deiiioM^hK cl jiingt^- ww;;!§^ •i^^fct'ri:?.^^)^/:': 

• .i-!i;..::.:hi:/.dVe mSniposci •;cxp5;rim P.'^Bl--t^?'\^-^^ ' 
''=:^' I>NiA-= n v= viuioi/^^ u iJ;'m37Ti Vh^eiry 6;: mo if i'6<f i hfeetjon:! i^ • 
^Jraruimpo.^^ 

• .';:*rheiir bciiies^^ !:eyen "rhotJ^ ; jijae VoaniK^^ t:o^ jjenerate 
^'flrdefeta hie;: le^^^^ Lslljof jiahf ibc^ie?^.^ ' Ui add i tion jiLtbe ••p.tjesenc eijof 

V *i>ecjiu^^^^^ 'da'fn= shniiv:^:^! 1 Ad^36;ihdvce^^^^ ■ 

.;. i.-laUpn of.3T3'l-:l ceU..(n.)den embivonio preadij^^ 

^- fintii^ritin (l litZ jrPiiciiif e^'b^^finV<H\t^:shQidd|;^ the 



=.|x^£siblt :=mec^^ .^!^h-^^^V: = ^"H>^keys, j 

:|; Similar) •>;; ' A r4 dnorh^f ' 

pos-^iblcjme^^ :bc aVs^estigaa^: femi&e ciiJ^; ; \ 

y temper -iviniji.i.may^^^ t-bcitjt.y in!nuc<?.by indticinc hvpfv! 

l^ tKalaiti'iS d^iha|c;^|{i y^^ did fitH-iindrKi^topi^tli^^^ '[ 

logical ihvix>chii!araici;le^io^^ Ad^Vv-infect^^^^ micC;: in ::;in „j 
: iearlufr si ufly' ( 6)r r)N A =.ih fJle' hHtin.-^rof ■ 

vl=- chepjhfectecf >'uchriLa\|nve5ngi^^ in liiatmcv -■: 

...setii,. . . :.„••; .= ■■']'... .V ' '." = " " "•*• "i 

=.Gor)sidenrta hodvV.wighr.v; t^^ ;i 

inantit f^^ctSj the rnci^n p(tst int>coLatit;ni w^^ 4 rep- . 

' re^chi"^:'^ 1^% ilicrtjiV^e in d9y Ad-'K^ ^roupt. which is approx- 
• = !rdately:;thteeFoLdi.greater vhan thei:3;2j?^ m^,:ini\veif^ht i^ainjn ^ 

the conttor3t*roijtp..Alfk)t:vhe Ad- 36 group hud an 1 15% roial • 

f^u gain ;v^yo.8% .m rHe:=d>nrrol.i>Toup 3nd: 6fv% nn^rc/vL^cend 
^:./at .thiin d\e cunai)b^ Giy^n the yerv smalt $ire of mama^m^ 

the^e fundings au» of niajor lm>!o;gicai ia^^^^ 

The data pre-j^ertted m this pap^^r saggiest rh-^c Ad-36 plays. a 

n>le ir\ inc.t<*astn>^ b<:i«.iy wei^jhi in binihaninn pranates such a^ ■ ■ 

irhesas raonkeys and maauovef^t; errherariiniabcotfld .be used/as 
^ a surrogate uuxkl With which to sntdy .the rule pf Ad-^^ in 
::ii:.Huavdn dheslty:YHow^ i^s a iTiode}; marvno^ti^Japp^^ 

have son'ie.advnn o.ycr.rhe?us nvonkcy;; .because .the Vj^ifc = 

srnaller; cusier ic^ hbiK4;= i^iid^j^^^^^^ cxjxni^ivA=;T hi i 

::: .addtnon> in. otir. intrtj-d ^crcerimE; =A>f monkey.> = tVnni ..r.Hc 

WRPRCcolonv kT. Ad4.6 3ntibodie<;:< 4% of theVmarmo^'et'; 
== were amibr.kly postnvv.^ Tl^'is very low pnivalettce of Ad-\36 .i 

antibodies in jurmnosets ^iyes a jnuch ber.tcr chance ro st-lect ; 

finribovly-free vndfinlisets lor pro^-.pt-crive/snidy (fhesas nuui- :• 

keys frpfn the WRPRC had much gr^rau^r and fre^^uent. contact. . 

with humans, \vhereas the auirnto<et.s uxc housed' m a more • 

ct.sn troll i^id en V i h ni m e? 1 1 to . \ u v: v i*, i t i : i oadve v tei i t . . it U e c t i i ai ^ . 

Additioruilly, the (act that jnarmrsei^^ have a life -expectancy 

of ^3 V (vs. 30-40 y for.ificsu^ mor\kev>) means thai in hiti^re 

prospectri'e studies. iuarmt.>seis could be tracked reiattveh eas- . 

ily during cheit compkte Uie-cycle to a^cerrain the Inn^-lenn " 

consequence? o( Ad'j6. mkxl\uri. 

A purvey froni rhree' differeni <>nues in th'o lhated"Sia1-cs '" 
. sheaved a 30%. .pTcvaieiice of Ad- 36 antibodies in obese, but 
. only 5 %;.pre valence. <>f the antibodies in o.onol:.>ese subjecL^ 
]' {i'^)/^T\^v. -JimC6<ydy^^^^ subject^ =also.i had signifi- 

cantiy lower seruavyJKolesteK*! levH?ls (13)- IVxiy ivyelj^lii gain 

anti hypod^.oiesrcrok'aiia m respotise. to Ad- 36 infection in = 
, .. two.diyi=;Tgent ptimativifkcieii suppo.rt the hy^\*ttei\ ihiu: iihe = 

virus may play a ci^U^nt:^ e role in Kuin^in adips^siry arkl dem- [ 
= ohstta're ijie sUitabibtty. i/ th<? twO uriLinvd: iiv.vdols Tor hirtlior.of ■[ 

the phenomenon.. In adcUtioT^>t ila^ relationship o\ Ad- 36 with 
^' IxSdy compositicn'> lind.seruni lipids in thi^^ ijiuxlet. >ug^^estsj 
L=. that IT) the futurcJ a VvX^ntiga tuts study itrg^h^^^ 

obesity .ireacmt'Tn o.r evaiu;Ui(>n ^jf .^erurn 'lipids ittirhestis mon' i: 
. .i k.eys <}r iVutrqKk^ts would be ;>y^^^ ;fo rake -into i.account theii: 
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BACKGROUND: Four animal models of virus-induced obesity including adiposity induced by an avian adenovirus have 

been described previously. This is the first report of adiposity induced in animals by a human virus. 

OBJECTIVE: We investigated the adiposity promoting effect of a human adenovirus (Ad-36) in two different animal 

models. 

DESIGN: Due to the novel nature of the findings we repjicated the experiments using a chiclcen model three times and 
a mammal model once. In four separate experiments, chickens and mice were inoculated with human adenovirus 
Ad-36. Weight matched groups Inoculated with tissue culture media were used as non-infected controls in each 
experiment. Ad-36 inoculated and uninfected control groups were housed in separate rooms under biosafety level 2 or 
better containment. The first experiment included an additional weight matched group of chickens that was 
inoculated with CELO (chick embryo lethal orphan virus), an avian adenovirus. Food intakes and body weights 
were measured weekly. At the time of sacrifice blood was drawn and visceral fat was carefully separated and 
weighed. Total body fat was determined by chemical extraction of carcass fat. 

RESULTS: Animals inoculated with Ad-36 developed a syndrome of increased adipose tissue and paradoxically low 
levels of serum cholesterol and triglycerides. This syndrome was not seen in chickens inoculated with CELO virus. 
Sections of the brain and hypothalamus of Ad-36 inoculated animals did not show any overt histopathological 
changes. Ad-36 DNA could be detected in adipose tissue, but not skeletal muscles of randomly selected animals for as 
long as 16 weeks after Ad-36 inoculation. 

CONCLUSIONS: Data from these animal models suggest that the role of viral disease in the etiology of human obesity 
must be considered. 

Internationa! Journaf of Obesity (2000) 24, 989-996 

Keywords: serum cholesterol; serum triglycerides; body fat; body weight; obesity; visceral fat 



Introduction 

Obesity is a serious disease that afTects more than one 
third of adults and over 20% of children in the USA 
and produces major increases in morbidity and mor- 
tality. '-^ There are multiple etiologies of obesity, but 
most scientists in the field have focused either on 
genetic factors or behavioral aspects. Isolated cases of 
obesity due to hypothalamic damage from accidents, 
tumors, bacterial infections and other unusual events 
have been reported, but such cases have been thought 
to be exceedingly rare.^ 

No consideration has been given to the possibility 
that human obesity might be due to viral infections, 
despite the evidence that viral infections may cause 
obesity in animals. Four different animal viruses have 
been identified that produce obesity syndromes in 
animals. Lyons et al"^ reported that canine distemper 
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virus produced obesity in mice and later studies 
suggested that the mechanism was hypothalamic 
damage due to the virus.^"^ Rous associated virus 
type 7 (RAV-7) v^as reported to induce obesity in 
chickens.**'* RAV-7 virus-induced obesity was asso- 
ciated with stunting of growth, hyperlipidemia, fatty 
liver, hepatomegaly, anemia and immune-suppres- 
sion.**-^ Boma disease virus, a single stranded RNA 
virus, produced a syndrome of obesity in rats char- 
acterized by lympho-monocytic inflammation of the 
hypothalamus, hyperplasia of pancreatic islets, and 
elevated serum glucose and triglyceride levels.*® 

Dhurandhar eta!^^ repyorted that SMAM-l , a chicken 
adenovirus isolated in Bombay, India, produced exces- 
sive fat accumulation in the visceral depots and a 
paradoxical reduction of serum levels of cholesterol 
arid triglycerides in chickens. Of 52 obese humans 
tested by agar gel-precipitation test, 10 had antibodies 
to SMAM-I .'^ These 10 individuals had a higher body 
weight and lower serum cholesterol and triglycerides 
compared to antibody negative individuals. 

We wished to further study the adiposity promoting 
effect of SMAM-I in the USA. However, the United 
States Department of Agriculture refused permission 
to import SMAM-l from India. This prompted us to 
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investigate the adiposity-promoting potential of a 
human adenovirus that is available in the USA. 
There are currently 50 types of human adenoviruses 
deposited in the American Type Culture Collection 
(ATCC) virus bank. Human adenovirus-36 (Ad-36) 
was first isolated in 1978 in Germany from the feces 
of a girl with diabetes mellitus.'-* Ad-36 is sero- 
logically different from at least 47 of the other 49 
human adenoviruses, as there is no cross-reaction of 
anti-bodies between Ad-36 and these other aden- 
oviruses.'-^"*** Ad-36 was our first candidate to 
investigate its adiposity-promoting potential mainly 
due to its antigenic uniqueness. 

In the current study, we performed four experiments 
in animals: three in chickens, and one in mice, that 
demonstrate that Ad-36 increases adiposity in animals. 

Methods 

Four experiments involving two different animal spe- 
cies were performed to demonstrate the cross-species 
reproducibility of Ad-36' induced obesity: assays used 
are described under * Assays and techniques' at the 
end of the Methods section. 

Experiment 1— chickens 

One-day-old specific pathogen free (SPF) white leg- 
horn broiler chickens (n = 39) were obtained from 
Specific Pathogen-Free Avian Supply. (SPAF AS, Roa- 
noke, IL) and were housed in the National Wildlife 
Health Center, Madison, Wl, under Biosafety level 3 
conditions, with a separate air supply to each room. 
Protective clothing, shoes, gloves, hairnets and masks 
were used to enter the rooms and utmost care was 
taken to prevent cross contamination. 

Access to food (Purina Starter Grow) and water was 
provided ad libitum throughout the study period and 
food consumption, corrected for spillage, was 
recorded for individual cages. For the first 3 weeks, 
the chicks were housed in a brooder with a I2h light 
cycle and a temperature of 95" F that was reduced 
gradually to 70'F at the end of 3 weeks. At 3 weeks of 
age, the chickens were removed from the brooder and 
maintained at 70±2 F thereafter. Chickens were 
weighed at I week, 3 weeks, and then every week 
until the termination of the study at 6 weeks. 

After 3 weeks, the chickens were divided into three 
weight matched groups of 1 3 each (Ad-36, CELO and 
control) and were housed in three separate rooms (two 
chickens/cage). Blood was drawn from a wing vein 
for baseline measurements of serum cholesterol and 
triglycerides, and for measurement of adenovirus 
antibodies to insure that the chickens had not been 
previously exposed to Ad-36. All these assays were 
repeated at the time of sacrifice. 

Group 1, the control group, was inoculated intra- 
nasally (i.n.) with 0.2 ml of media. Group 2 was 
inoculated i.n. with 0.2 ml of a suspension of human 



adenovirus Ad-36, representing a dose of 10' PFUs 
(plaque forming units) of Ad-36 and the third group 
was inoculated i.n. with 0.2 ml of CELO virus (ICr* 
PFU). Throat and rectal swabs were taken from all 
chickens one week after virus inoculation to confirm 
infection by virus isolation. 

Three weeks after inoculation the animals were 
fasted overnight and sacrificed. The omental-mesen- 
teric (visceral) fat was carefully dissected from each 
bird and weighed. Six birds from each group were 
randomly selected for total carcass fat determination. 



Experiment 2 — chickens 

The above experiment was repeated in 32 male SPF 
chickens. In this experiment chickens were observed 
for a longer period of time after the virus inoculation. 
Housing conditions were similar to those described in 
experiment I. Two groups of weight-matched animals 
(>;=16 per group) were used for this experiment. 
Animals were inoculated intranasally at 3 weeks of 
age (1.8 X 10^ PFU for the Ad-36 group and 200^1 
sterile media for the control group). Food intake was 
measured for each cage. Blood was drawn from a 
wing vein 36 h after inoculation to determine viremia 
by virus isolation from the blood sample. Blood was 
also drawn 10 days post inoculation and at the time of 
sacrifice. Chickens were sacrificed 5 weeks post 
inoculation, body weight measured, visceral fat was 
separated and weighed. About 1 g samples of visceral 
adipose tissue and skeletal muscle from breast muscle 
area (keel) were removed and flash frozen in liquid 
nitrogen for viral DNA detection using capillary 
electrophoresis assay. Serum cholesterol and trigly- 
cerides levels were determined in the final serum 
obtained. 



Experiment 3 — chickens 

This experiment assessed a different route of infection 
(intraperitoneal vs intranasal inoculation), a longer 
time period before sacrifice, and histopathological 
examination of the brains. Housing conditions were 
similar to those described above. Three-week-old 
male SPF chickens {n = 10) were inoculated intraperi- 
toneally with 10' PFU of Ad-36 virus media (Ad-36 
group) or 0.2 ml of sterile media (;; = 8), Chickens 
were sacrificed 13 weeks post inoculation, body 
weight was measured, and visceral fat was separated 
and weighed. One gram samples of visceral adipose 
tissue were removed and flash frozen in liquid nitro- 
gen for viral DNA detection using capillary electro- 
phoresis assay. Randomly selected samples (three 
from each group) were tested for the presence of 
Ad-36 DNA with the help of capillary electrophoresis 
assay. At sacrifice the brains were carefully removed, 
preserved in 30 times the volume of 37% formalin, 
and sectioned for histopathological examination. 
Serum cholesterol and triglycerides levels were deter- 
mined in the final serum obtained. 
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Experiment 4 — mice 

This preliminary experiment was conducted to inves- 
tigate the adipogenic effect of Ad-36 in a mammal 
model. Thirty-five 4-week-old outbred female ICR 
mice (Harlan Labs, Indianapolis) were received. 
Five mice were randomly chosen for sacrifice to 
draw blood for obtaining baseline serum. Baseline 
serum was obtained to ensure that the mice were free 
from Ad-36 antibodies at the beginning of the experi- 
ment. The remaining 30 mice were weight matched 
into two groups and injected i.p. with 0.2 ml of Ad-36 
media containing 2x 10"^ PFU (/7 = 20) or 0.2 ml of 
tissue culture media (/j = 10, control group). Mice 
were housed under Biosafety level 3 containment, 
were offered ad lihitttni access to food and water, 
and food intakes and body weights were measured 
weekly. Blood samples for cholesterol, triglycerides 
and viral titers by serum neutralization were drawn at 
10 weeks and at sacrifice 22 weeks post inoculation. 
At sacrifice, the visceral inguinal and retroperitoneal 
fat pads were dissected free and weighed. Body 
composition was performed on all animals. 

Assays and techniques 

Preparation of the virus suspension. Human adeno- 
virus-36 (Ad-36, ATCC no. VR-913) and avian adeno- 
virus CELO (ATCC no. VR 432) were obtained from 
the American Type Culture Collection (ATCC, Rock- 
ville, MD). The Ad-36 work stock was grown on 
A549 cells, a human bronchial carcinoma tissue 
culture line and the CELO work stock was grown 
using SL-29 cells (chick embryo fibroblasts). The titer 
of the work stocks that caused a cytopathic effect 
(CPE) in 50% of the wells containing A549 or SL-29 
cells was calculated and expressed as tissue culture 
infeclivity dose {TCID-50) units per ml. TCID-50 of 
the work stocks were determined using serial 1 0-fold 
dilutions of the virus work stock. 

Plaque forming units assay. Titers of the plaque 
purified Ad-36 and CELO virus were determined in 
A549 and SL-29 cells, respectively, by this assay. The 
harvested and frozen virus suspensions were rapidly 
thawed at 37*C in a water bath. Starting with 100 pi of 
virus suspension and 900 |il of media, serial 10- fold 
dilutions were made. Cells were grown to confluence 
in six well plates and three wells were used for each 
dilution. Three wells were used as the blank control 
and were not infected with the virus suspension. The 
media was removed from each well and 1 00 pi of 
media containing serially diluted virus suspension 
were pipetted into the wells. The plates were incu- 
bated at 37^C. shaking gently every I5min. After I h 
of incubation, viral suspension from the wells was 
removed and discarded. The wells were overlaid with 
about 3 ml of 1% agar in media per well, with 1 x 
antibiotic-antimycolic solution. The plates were 
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inverted and incubated at 37' C for 8 days until 
plaques appeared. After 8 days, wells were stained 
overnight with about 1 ml of crystal violet per well. 
The next day, the number of plaques formed 
was counted after removing the agar. The number 
of plaques formed x dilution of viral suspension 
used gave PFU/100|il of inoculum used. This was 
multiplied by 10 to express PFU/ml. 

Serum neutralization assay for viral antibodies. 
Serum neutralization assays were performed using 
the ^constant virus-decreasing serum' method. Test 
serum was heat inactivated in a water bath at 57'C for 

1 h and serially diluted (2-fold) in 96-well plates. The 
serum dilutions ranged from 1:2 to 1:512. One 
hundred TCID-50 of the respective adenovirus work 
stock was added to each of the wells. A549 cells (SL- 
29 cells were used for detecting CELO antibodies) 
were added to these wells after 1 h of incubation at 
37"'C. Each test serum was run in duplicate. Serum 
control (serum and cells, but no virus), cell control 
(cells alone, no virus, no serum) and virus control 
(cells and virus, no serum) were included with each 
assay. Plates were incubated at 37'C for 1 1 days and 
the presence of CPE was noted. Serum samples with- 
out CPE in dilutions of 1 : 8 or higher were considered 
positive for the presence of neutralizing antibodies to 
the respective virus. CPE in virus control wells, and 
its absence in serum control and cell control wells, 
was ascertained. 

Virus isolation, A549 human bronchial carcinoma 
cells in tissue culture were used for isolation of Ad-36 
and SL-29 cells were used for isolating CELO virus. 
Flasks containing A549 cells or SL-29 cells were 
inoculated with about 200 jil of sample (media from 
the oral-rectal swabs or whole blood) and were 
incubated at 37*C in media containing 

2 X antibiotic - antimycotic solution. Culture media 
from the cells was collected after 8 days and trans- 
ferred to cells in new set of flasks. This was repeated 
for a total of three passages. Infection was confirmed 
by observing if viral CPE occurred in the respective 
cells. 



Assays for serum cholesterol and triglycerides. 
Serum cholesterol was assayed using the cholesterol 
oxidase-peroxidase method. Colorimetric determina- 
tions were made using Sigma kits (catalogue no. 352) 
and the absorbance read at 500 nm. Cholesterol cali- 
brator (Sigma catalogue no. C 792 1 ) and Cardiolipid 
control (Sigma catalogue no. C 4571) were used. 

Triglycerides were determined using the glycerol 
phosphate -peroxidase method. Colorimetric determi- 
nations were made using Sigma kits (catalogue no. 
339-50) and the absorbance was read at 540 nm. 
Glycerol (Sigma catalogue no. 339-11) was used as 
a standard. 
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Body composition analysis. Digestive tracts of the 
carcasses were cleaned and returned to the carcasses. 
After autoclaving and homogcnization of the car- 
casses, aliquots were used for water, ash and fat 
contents. All measurements were performed in tripli- 
cate. Water content was determined by heating sam- 
ples to a constant weight in a drying oven overnight at 
90'C. Ash content was determined by incinerating the 
sample in a furnace at 600"C for 4h. The Folch 
extraction method was used for body fat determina- 
tion. Fat was extracted with methanol -chloroform. 

Capiilafj electrophoresis. The assay has been pre- 
viously described in detail.'** Briefly, the assay was 
divided in three parts, namely Probe synthesis, DNA 
extraction and hybridization, and CE-LIF (capillary 
electrophoresis- laser-induced fluorescence) analysis. 

Prohe synthesis. We have the sequence of the entire 
Ad-36 genome. To ensure specificity of the DNA 
detection, only a segment with a sequence unique to 
Ad-36 was probed. The uniqueness of the sequence 
was verified by a gene bank search. A S fluorcs- 
cein phosphoramidite labeled DNA probe for Ad-36 
adenovirus was synthesized by IDT Laboratories 
(Coral vi lie, I A). 



sample has an increased peak area indicating bound 
DNA and a slightly longer retention time due to a 
mass effect. Samples were quantitated by comparing 
the peak area obtained for the samples to a control 
from an identical tissue. The viral DNA is calculated 
based on the difference in peak areas. A linear 
relationship between the peak area and concentration 
was demonstrated from 0.072 to 2[.46pg (r2 = 0.99, 
>» = 516.88+ IS.OI.r). The intra-day and inter-day 
migration time precision was 0.18% (« = 9) and 
0.22% (/I = 6), respectively. The intra-day peak area 
precision was 7.3% (n = 6) and the inter-day peak area 
precision was 11% (// = 9). The minimal detectable 
level was 36 ag (signal-to-noise ratio 3:1). 

DNA from A549 cells without virus, and DNA 
from A549 cells infected with Ad-36 were used as 
negative and positive controls, respectively. 



Histopatholog}' of brains 

Specimens of brain were paraffin embedded, cut with 
a microtome, and stained with hematoxylin -eosin. 
One micron sections were taken to include the 
hypothalamus, and every fifth section was examined. 
About 15-30 sections were examined per chicken, of 
which at least two in each chicken were from the 
hypothalamus. 



DM4 extraction and hybridization. The DNA from 
the sample was extracted with the Qiagen QIAmp 
Blood or tissue kit and quantitated spectrophotome- 
tricaily. The genomic DNA was then digested with 
Mbol by standard procedures to generate smaller 
DNA fragments for hybridization, and treated with 
RNAse One to remove any RNA contamination. This 
DNA was then hybridized with the DNA probe 
(1.0125 jig) in a buffer volume of 30 pi containing 
lOmM Tris-HCI (pH 7.2), 1 mM EDTA (pH 8.0) and 
50 nM NaCl. The mixture was heated at SS^C for 
lOmin, and then incubated at 42''C for 4 h. Following 
the incubation, samples were flash frozen at — 80"C. 

CE-LIF anaiy.sis. Separations were performed on a 
P/ACE 2050 system using laser-induced fluorescence 
in the reversed-polarity mode (anode at the detector 
side) at excitation of 488 nm and emission of 520 nm. 
Samples were introduced hydrodynamically by 10 s 
injections at 0.34 Pa across a 65cmx lOOpm coated 
cCAP dsDNA capillary filled with replaced linear 
polyacrylamide. The capillary was conditioned with 
eCAP dsDNA 1000 gel buffer. Separations were 
performed under constant voltage at 7.0 kV for 15 — 
30min. 

The hybridization procedure generates a DNA frag- 
ment comprising the fluorescently labeled probe and 
the target viral DNA. The negative control generates 
a DNA fragment of the probe bound to itself The 
migration times of the positive and the negative 
control are nearly identical, however, the positive 



Statistical analysis 

Means of groups were compared with those of the 
control using Student's /-test followed by Bonferroni 
adjustment for multiple comparisons. The difference 
in prevalence of obese animals in each group was 
tested by the chi-square test. 



Results 

Experiment I 



Confirmation of viral infection. Isolation of Ad-36 
and CELO viruses was attempted using three passages 
on A549 or SL-29 cells. After three passages of oral- 
rectal swabs, Ad-36 and CELO viruses could be 
isolated from all animals of the respective groups. 
No virus could be isolated from the control group. 
Virus isolated from swabs from Ad-36 inoculated 
chickens demonstrated the presence of human adeno- 
virus antigen by Adenoclone enzyme immunoassay 
(Meridian Diagnostics, Cincinnati), further confirming 
infection with this human virus. No El A kit was. 
available to detect CELO vims. Infection was also 
confirmed by a four-fold or more rise from baseline of 
specific neutralizing antibody titers in all animals 
from the Ad-36 and the CELO groups. No rises and 
no antibody titers were noted in the control group. 
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Body composition and prevalence of obesity. Post 
inoculation cumulative food intake per chicken was 
not different for the three groups (rtieanis.d., control 
group 1I50.0± 157.0 g, Ad-36 group 1038.5±249.] g 
and CELO group 1 282.5 ± 505.5 g; P=NS compared 
to the control group). Body weights were not different 
among the groups at the time of sacrifice, but visceral 
fat and total body fat were significantly greater 
(P < 0.02) in the Ad-36 chickens compared to controls 
(Table 1). Visceral fat of the Ad-36 group was 100% 
greater than that of the control group. Visceral fat and 
the carcass fat of the CELO group did not differ 
significantly from that of the control group (Table 1). 

If obesity is defined as a visceral fat greater than the 
85th percentile of the range of the control group, our 
data show that three chickens in the control group 
(23%) and nine in the Ad-36 group (70%) were obese 
(P < 0.02; Table 2). Six chickens fi^om the CELO 
group (46%) were obese by the definition; this pre- 
valence in the CELO group was not significantly 
different from that of the control group. 



Serum lipids. Compared to the control, serum cho- 
lesterol was lower only for the Ad-36 group 
(P<0,02), but serum triglycerides levels were sig- 
nificantly lower for the Ad-36 as well as the CELO 
group (Table 1). 



Experiment 2 



chickens. No virus could be isolated from the control 
group. Blood drawn 10 days post inoculation demon- 
strated neutralizing antibodies to Ad-36 in 10 of 16 
chickens. None of the control chickens had such 
antibodies. 

DNA isolated from the blood, visceral adipose 
tissue and skeletal muscle obtained from three 
infected and three control chickens were assayed for 
the presence of Ad-36 DNA by capillary electropho- 
resis.*^ Ad-36 DNA could be detected in all three 
blood samples drawn 36 h after infection and in two of 
three samples of visceral fat taken at sacrifice 5 weeks 
after infection, but not in the muscle samples taken at 
5 weeks from the Ad-36 infected chickens. Ad-36 
DNA was not detected in any tissues of the control 
chickens at any time. 

Body composition and prevalence of obesity. Post 
inoculation cumulative food intake per chicken was 
not different for the two groups (mean ±s.d., control 
group 540l.6± 268.1 g, and Ad-36 group 
5234.8 ± 338.3 g; P = NS). Body weights were not 
different among groups, but visceral fat was 128% 
higher in the Ad-36 chickens (P < 0.0005; Table 3). 
Total body fat was 46% greater in the Ad-36 infected 
group, compared to the control {P < 0.0005). 

Using the definition of obesity as a total body fat 
greater than the 85th percentile of the range of the 
control group, 64% of Ad-36 chickens and 18% of 
control chickens were obese {P < 0.02; Table 2). 
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Confirmation of viral infection, Ad-36 virus could 
be isolated in tissue culture by repeated cell passages 
of the blood obtained 36 h post inoculation from the 
Ad-36 group and detected as a human adenovirus with 
the help of Adenoclone El A kit in 12 out of 16 



Serum lipids. Compared to the control group, serum 
cholesterol and triglycerides were lower (P < 0.0005 
andP < 0.02, respectively) in the Ad-36 group (Table 3). 



Experiment 3 



Table 1 Experiment 1: infection of chickens with human 
adenovirus Ad-36 





Conifd 


Ad*36 


CELO 


Number 


13 


13 


13 


Body weight (g) 


502 ±18.2 


538±18.2 


527±16 


Visceral fat {%) 


0.27 ±0.05 


0.54±0.07* 


0.37 ±0.04 


Total body fat (%) 


5.8 ±0.6 


6.9 ±0.1* 


5.9±0.6 


Cholesterol (mmol/l) 


7.14 ±0.57 


4.53±0.3T 


5.58 ±0.61 


Triglycerides {mmol/l) 


0.84 ±0.05 


0.69 ±0.03** 


0.68±0.02* 


Meanis.e.m.; *P<0.02 


; •*/»<0.05 compared to control. 


Table 2 Prevalence of 


obesity (%) 








Contro! Ad-36 


CBLO 


Experiment 1 (chickens) 


23.07 


69.23» 


46.15 


Experiment 2 (chickens) 


18.1 


63.6' 




Experiment 3 (chickens) 


12.5 


70.0* 




Experiment 4 (mice) 


22.22 


60.0* • 





♦P<0.02; ♦•P<0.05. Obesity was defined as greater than the 
85th percentile of adiposity of the control group. 



Confirmation of viral infection. Serum neutraliza- 
tion assays of the kill serum confirmed the presence 
of antibodies to Ad-36 in all chickens in the Ad-36 
group and none in the control group. Capillary 
electrophoresis demonstrated Ad-36 DNA in visceral 
fat of all three infected chickens tested, but in none of 
the controls. 



Table 3 Experiment 2: replication of Ad-36 induced obesity in 
chickens 





Controt 


Ad-se 


Number 


16 


16 


Body weight (g) 


1250±28.4 


1328 ±39.4 


Visceral fat (%) 


1.08±0.14 


2.47±0.23» 


Total body fat (%) 


7.8 ±0.5 


11.4±0.6» 


Cholesterol (mmol/l) 


3.54 ±0.10 


3.03 ±0.10* 


Triglycerides (mmol/l) 


1.13±0.09 


0.88±0.04»» 



Mean±s.e.m.; */'< 0.0005; ••/'<0.02 compared to control. 
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Body composition and prevalence of obesity. Body 
weights and post inoculation cumulative food intakes 
were not different between Ad-36 and control groups, 
but visceral fat was 74% greater in the Ad-36 group 
(I.74±0.2% v.y 1.0l±0.2%, P=0,03; Table 4). 

Seventy percent of the infected chickens (seven out 
of 10) had visceral fat weights above the 85th per- 
centile of the range of the control group, whereas 
12.5% of control chickens (one out of eight) met this 
criteria (P < 0.02; Table 2). 



Serum lipids. Compared to the control group, serum 
cholesterol and triglycerides of the Ad-36 group were 
lower by 20% and 18%, respectively. However, the 
values did not reach statistical significance. 



Brain histopatholog\\ The sections revealed no mor- 
phological abnormalities in either group, with the 
exception that one sample from each group had 
changes thought to be not relevant (as described 
below). One control chicken had a unilateral focus 
of mild gliosis and perivascular accumulation of 
lymphocytes in the pituitary isthmus of the hypotha- 
lamus and some vacuolization of the myelin sheath in 
some areas of white matter. In one Ad-36 infected 
chicken, a single dilated blood vessel with transmural 
localization of mononucleated cells was noted adja- 
cent to the third ventricle. 



Experiment 4 

Confirmation of viral infection. Absence at baseline 
of antibodies to Ad-36 was confirmed in five ran- 
domly selected mice by serum neutralization assay. 
Ad-36 antibodies were seen in 12 of 20 Ad-36 
inoculated mice after 10 weeks and in 19 of 20 
mice after 22 weeks. None of the control mice had a 
positive Ad-36 antibody titer (>1 :8). 

Body composition and prevalence of obesity. One 
animal from the control group, who was negative for 
antibodies to Ad-36, had a very high body weight 
(38.8 g) and visceral fat (2.43 g). This animal qualified 
as an outlier by two separate statistical tests for data 
rejection (Q Distribution Deviate and Maximum 



Table 4 Experiment 3: intraperitoneal inoculation of Ad-36 in 
chickens 





Control 


A(S-36 . 


Number 


8 


10 


Body weight (g) 


1533.5 ±59.1 


1625.4±53.8 


Visceral fat (%) 


1.01 ±0.19 


1.74±0.25* 


Cholesterol (mmol/l) 


3.04 ±0.36 


2.51 ±0.26 


Triglycerides (mmol/l) 


2.35 ±0.24 


1.92±0.13 



Meanis.e.m.; •P<0.04 compared to control. 



Normal Residual test). The data from this animal 
were discarded. Post inoculation cumulative food 
intake per animal was not different for the two 
groups (meandbs.d., control group 467.0 ± 22.7 g, 
and Ad-36 group 480.3 ± 33.7 g; P = NS). Compared 
to the control group, the mean body weight was 9% 
greater in Ad-36 mice (P < 0.05), total body fat was 
35% greater (P<0.02), and visceral fat was 67% 
greater (l.Og vs 0.6 g; P<0.02; Table 5). Retroper- 
itoneal and inguinal fat pads were not different for the 
two groups. 

Sixty percent of mice (12 out of 20) infected with 
Ad-36 and 22% of the control mice {two out of nine; 
P < 0.02) had total percent body fat weights above the 
85th percentile of the range of the control group 
(Table 2). 

Serum lipid.s. Serum cholesterol and triglycerides in 
the Ad-36 group were significantly lower than control 
by 38% {P < 0.03) and 31% (P < 0.008), respectively 
(Table 5). 



Discussion 

Four experiments demonstrated that Ad-36 increased 
visceral fat, total fat, and/or body weight compared to 
the control group. The first experiment tested the 
adiposity promoting effect of CELO virus along 
with Ad-36. CELO is antigenically similar to 
SMAM-1 and present in the USA and, therefore, we 
chose to use CELO in Experiment 1 . Asymptomatic 
presence of CELO virus was reported from 64% to 
100% of apparently healthy chickens 5 weeks of age 
and older.^" The first experiment demonstrated that 
CELO, an avian adenovirus, did not produce adiposity 
similar to that produced by Ad-36 and that the 
adipogenic effect of Ad-36 may not be common to 
all adenoviruses. 

Experiment 2 confirmed the findings that Ad-36 
inoculation leads to increased visceral and total adip- 
osity and paradoxically lower serum cholesterol and 
triglycerides. Experiment 3 was undertaken primarily 
to assess the effect of Ad-36 inoculation on the 
hypothalamus, as hypothalamic damage has been 

Table 5 Experiment 4: infection of mice with Ad-36 



Contfoi Ad' 36 



Number 


9 


20 


Body weight (g) 


27.9 ±0.79 


30.5±0.95» 


Visceral fat {%) 


2.13±0.27 


3.16±0.27*» 


Visceral fat (g) 


0,60 ±0.08 


i.oo±o.ir* 


Inguinal fat (g) 


0.22 ±0.02 


0.25±0.02 


Retroperitoneal fat (g) 


0.30±0.03 


0.27 ±0.03 


Total fat (%) 


7.2 ±0.57 


9.3±0.6»* 


Cholesterol (mmol/l) 


2.68 ±0.35 


1.67±0.08*» 


Triglycerides (mmol/l) 


2.26±0.18 


1.56±a06'^ 



Mean±s.e.m.; •P<0.05; ••P<0.03; 0.008 compared to 
control. 
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postulated to be the cause of obesity induced by 
canine distemper vims and boma disease virus^" 
Experiment 4 was a preliminary experiment to test the 
suitability of a mammal model for future studies 
involving adiposity promoting effect of Ad-36. 

Previously, human and avian adenoviruses were not 
thought to infect across species. The isolation of Ad- 
36 from oral and rectal swabs taken from infected 
animals 7-10 days after infection, as well from the 
blood drawn 36 h post inoculation of the infected 
animal and the presence of viral DNA in adipose 
tissue as long as 16 weeks post-inoculation are 
unequivocal evidence of cross-species infection with 
this human virus. Four-fold or greater change in the 
antibody titer is considered an evidence of infection. 
Twelve mice from the Ad-36 group showed >4-fold 
rise in antibody titer between 10 and 22 weeks 
post inoculation. Although this observation suggests 
virus replication in animals, we cannot explain the 
observation at this time. 

Ad-36 did not cause severe symptoms in any of the 
experiments. Some animals appeared to have reduced 
activity for 1—2 days post-inoculation, but no other 
overt signs or symptoms were noted and there was no 
premature mortality in any of the experiments. 

Both intra-nasal and intra-peritoneal inoculation of 
Ad-36 increased adiposity, predominantly by increas- 
ing visceral adipose tissue stores. Individual suscept- 
ibility to increased adiposity was different among 
animals. Using the 85th percentile for adiposity of 
the control group as an arbitrary definition of obesity, 
60-70% of all Ad-36 inoculated animals in each 
experiment became obese. 

Different times of sacrifice post inoculation 
revealed that increased adiposity could be observed 
as soon as 3 weeks (experiment I), was not of 
transient nature, and persisted for 13 weeks (experi- 
ment 3) to 22 weeks (mice — experiment 4). Dura- 
tions selected in this study should be helpful for future 
work in the area. 

The mechanisms of obesity with Ad-36 are 
unknown. Histopathological examination of the 
brains of chickens did not show any evidence of 
damage to the hypothalamus or other areas of the 
brain. Hypothalamic damage was postulated to be the 
etiology of the obesity after infection with canine 
distemper virus and boma disease virus^"^-'" How- 
ever, the initial report of canine distemper did not 
observe any hypothalamic damage,"* and subsequent 
reports demonstrated that the timing of the sacrifice 
and examination of the brains was critical in demon- 
strating the presence of virus in the hypothalamus.^"^ 
We used only one time point, 13 weeks after infection 
in chickens. It is po.ssible that we missed the critical 
period, and more studies are needed with sacrifice at 
intervals after infection. 

In addition to lesions of the brain, abnormalities of 
peripheral mechanisms may be postulated to produce 
obesity. Ad-36 DNA was detected by capillary elec- 
trophoresis in adipose tissue at 5 weeks and at 13 
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weeks after initial infection in chickens. The para- 
doxical reduction of serum cholesterol and triglycer- 
ides seems unlikely to be due to a central mechanism, 
but would .support the postulate of an abnormality in 
adipose tissue. The presence of adiposity and the 
presence of the lower serum lipids appear to be 
linked and, if so, future research probably should 
focus on peripheral mechanisms. The liver would be 
the next obvious organ to investigate for a possible 
role in the observed syndrome. Conversely, it is also 
possible that the two conditions may not be linked, but 
may operate through separate mechanisms. It is un- 
likely that the reductions are due to non-specific 
mechanisms such as increased cytokines. For exam- 
ple, gamma-interferon can reduce serum cholesterol,^' . 
but such reductions are transient and are usually 
accompanied by increased, rather than decreased, 
serum triglycerides levels. Recently, we observed 
increased adipocyte differentiation due to Ad-36 in 
vivo as well as in vitroP^ Three times as many 3T3L-1 
preadipocytes differentiated when treated with Ad-36, 
compared to the uninfected control 3T31-1 cells. 
Another human adenovims, Ad-2, did not show 
increased differentiation of 3T3L-1 preadipocytes 
under similar conditions.^^ The effect of Ad-36 on 
adipocyte differentiation suggests that Ad-36 induces 
adipocity by targeting adipocytes. Effect of Ad-36 
on adipocyte differentiation needs to be further 
characterized. 

This study is the first report to demonstrate that a 
human vims can produce increased adipose tissue in 
animals. It is possible that other human adenovimses 
may increase adiposity in animals, but the failure of 
CELO vims to significantly increase adiposity sug- 
gests that this property differs among adenovimses. 
Regardless of the fact that the mechanism of action as 
well as the adipogenic potential of other human 
vimses is unknown, the finding that a human vims 
induces adiposity in animals is an unusual and poten- 
tially significant finding. 

There is little information about the epidemiology, 
pathophysiology and the usual route of infection of 
Ad-36. Human adenovimses are associated with 
infection of the respiratory tract, gastrointestinal 
tract, and conjunctiva. The initial isolation of Ad-36 
from feces of a diabetic child with enteritis suggests 
that this vims may be spread by the oral -fecal route, 
but there is insufficient evidence to draw conclusions 
about other routes of entry. 

The finding of low semm cholesterol and triglycer- 
ides provides a convenient marker for this syndrome. 
Patients previously reported to have antibodies to the 
avian adenovims, SMAM-I, also had low semm 
lipids.'* About 30% of the obese individuals but 
only 5% of non-obese individuals have antibodies to 
Ad-36 and the obese antibody positive individuals 
have significantly lower semm cholesterol and trigly- 
cerides.^^ These observations from different experi- 
ments, when taken together, suggest that there may be 
some fundamental property of some adenovimses that 
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predisposes infected animals, and perhaps infected 
people, to obesity and altered serum lipids. Additional 
research using other adenoviruses is needed. 
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PAPER 

Transmissibility of adenovirus-induced adiposity in a 
cliicken model 

NV Dhurandhar^*, BA Israel^ JM Kolesar^, G Mayhew^, ME Cook^ and RL Atkinson^ 

^Department of Nutrition and Food Science, Wayne State University, Detroit, Michigan, USA; ^Department of Pathobiological 
Sciences, University of Wisconsin, Madison, Wisconsin, USA; ^Schooi of Pharmacy, University of Wisconsin, Madison, Wisconsin, 
USA; ^Department of Cenetia, University of Wisconsin, Madison, Wisconsin, USA; ^Department of Poultry Science, University of 
Wisconsin, Madison, Wisconsin, USA; and ^Department of Medicine and Nutritional Sciences, University of Wisconsin, Madison, 
Wiscorisin, USA 



BACKGROUND: We previously reported that human adenovirus Ad*36 induces adiposity and paradoxically lower levels of 
serum cholesterol (CHOL) and triglycerides (TC) in animals. 

OBJECTIVE: To evaluate the transmissibility of Ad-36 and Ad-36 induced adiposity using a chicken model. 
DESIGN: Experiment 1 — four chickens were housed (two per cage) and one from each cage was inoculated with Ad-36, 
Duration of presence of Ad-36 DNA in the blood of all chickens was monitored. Expenment 2 — two groups of chickens were 
intranasaliy inoculated with Ad-36 (infected donors, i-D) or media (control donors, C-D). Blood drawn 36 h later from l-D and C- 
D groups was inoculated into wing veins of recipient chickens (infected receivers, l-R, and control receivers, C-R, respectively). 
On sacrifice, 5 weeks post-inoculation, blood was drawn, body weight noted and visceral fat was separated and weighed. 
RESULTS: Experiment 7— Ad-36 DNA appeared in the blood of the inoculated chickens and that of uninoculated chickens 
(cage mates) within 12 h of inoculation and the viral DNA persisted up to 25 days in the blood. Experiment 2 — compared with 
C-D, visceral and total body fat were significantly greater and CHOL significantly lower for the I-D and l-R. TC were significantly 
lower for the I-D. Ad-36 was isolated from 1 2 out of 1 6 blood samples of the I-D that were used for Inoculating l-R chickens. Ad- 
36 DNA was present in the blood and the adipose tissue of the I-D and l-R but not in the skeletal muscles of animals selected 
randomly for testing. 

CONCLUSION: As seen in experiment 1, Ad-36 infection can be transmitted horizontally from an infected chicken to another 
chicken sharing the cage. Additionally, experiment 2 demonstrated blood-borne transmission of Ad-36-induced adiposity in 
chickens. Transmissibility of Ad-36-induced adiposity in chicken model raises serious concems about such a possibility in humans 
that needs further investigation. 
Internationai journa/ of Obes/ty (2001) 25, 990-996 
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Introduction 

Obesity has been called the number one public health 
problem in America.^ Although obesity is recognized as a 
disease of multiple etiologies, a vims infection as an etiolo- 
gical factor has been Ignored until now. Five different viruses 
have been shown to cause obesity in animal models,^"* but 
until recently there was no evidence to suspect that viruses 
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might play a role in the etiology of human obesity. We have 
shown that Ad-36, a himian adenovirus, produces adiposity 
and paradoxically low levels of serum cholesterol (CHOL) 
and triglycerides (TG) In animal models,* and that a unique 
syndrome consisting of low serum CHOL and TG levels Is 
present in about 30% of obese humans subjects from three 
different states (Wisconsin, Florida and New York) who have 
antibodies to Ad-36.^'^° Only 5% of the lean humans tested 
to date from the tliree states had antibodies to Ad-36, 
suggesting that Infection with this virus canles a high prob- 
ability of association with obesity.*^ The possible link 
between a virus and obesity In humans warrants serious 
Investigation of the adiposity-promoting effect of this 
virus. For ethical reasons, we cannot infect humans to 
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Study the virus-Induced adiposity and, therefore, we have 
used animal models to understand the characteristics of Ad- 
36 induced adiposity. Chickens develop Ad-36-induced adip- 
osity in as little as 3 weeks® and therefore we have used a 
chicken model In this experiment. 

Not much Is known about the transmissibility of Ad-36 
and Ad-36 Induced adiposity. Blood is one of the possible 
routes of viral transmission. This paper describes two experi- 
ments which address the issue of Ad-36 transmission in a 
chicken model. 



Methods 

Experiment 1 

The purpose of this experiment was to investigate whether 
Ad-36 inoculation is followed by appearance of the viral 
titers in the blood and to determine if exposure by close 
contact with Ad-36-infected animals produces infection. 
Four specific pathogen free (SPF) male chickens (1 day old) 
were obtained from Specific Pathogen-Free Avian Supply 
(SPAFAS, Roanoke; IL). At 3 weeks of age they were housed 
two per cage and one chicken from each cage was inoculated 
intranasally (i.n.) with Ad-36 (4x10* plaque forming units, 
PFU). The other chicken from each cage was not inoculated 
and served as a chicken In-contart' with the Ad-36 inocu- 
lated chicken. Blood was drawn from all the chickens before 
inoculation and 12 h, 36 h, 4 days, 11 days, 18 days and 25 
days post inoculation. DNA obtained from the blood was 
saeened for the presence of Ad-36 DNA using capillary 
electrophoresis technique described below. 



Experiment 2 

This experiment tested the possibility of blood-borne trans- 
mission of infection and of Ad-36-associated adiposity. One- 
day-old male SPF white leghorn broiler chickens (« = 64) 
were obtained from SPAFAS and were housed under Biosafety 
level 2 conditions, with negative air pressure in each room. 
Food (Purina Starter Grow) and water were provided ad 
libitum throughout the study period and food consumption, 
corrected for spillage, was recorded for Individual cages. For 
the first 3 weeks, the chicks were housed in a brooder with a 
12 h light cycle and a temperature of 95*"? that was reduced 
gradually to 70'^¥ at the end of 3 weeks. At 3 weeks of age, the 
chickens were removed from the brooder and maintained at 
70 ±2*F thereafter. Chickens were weighed at 1 week, 3 
weeks, and then every week until the termination of the 
study at 8 weeks. 

After 3 weeks, the chickens were divided into four weight- 
matched groups of 16 each. Blood was drawn from a wing 
vein for measurement of adenovirus antibodies to insure 
that the chickens had not been previously exposed to Ad- 
36, These assays were repeated at the time of sacrifice. At 4 
weeks of age one group (infected donors, I-D) was inoculated 
Ln. with 200 til of Ad-36 virus suspension (1.8x10* PFU). A 
second group (control donors, C-D) was inoculated i.n. with 



200^1 sterile media. After 36 h, blood was drawn from the 
wing veins of the chickens from I-D and C-D groups and 
200nl blood was injected into the wing veins of I-R (Infected 
receivers) and C-R (control receivers) groups, respectively. 
About 400 \il blood from I-D and I-R groups was also used to 
isolate the virus. Blood was drawn 10 days post inoculation 
to screen for Ad-36 antibodies. 

Five weeks after inoculation the animals were fasted over- 
night and sacrificed. The omental-mesenteric (visceral) fat 
from each bird was carefully dissected and weighed. Body 
weights were measured and blood was drawn to determine 
CHOL and TG. About 1 g each of visceral fat and skeletal 
muscle from the right side of the keel bone (breast muscle) 
were flash frozen in liquid nitrogen. Total fat content of the 
carcasses of 11 chickens from each group was determined 
using the Folch extraction method." DNA obtained from 
blood, visceral adipose tissue and skeletal muscle from three 
chickens each from the four groups was assayed for Ad-36 
DNA by capillary electrophoresis assay. 



Statistical analysis 

In experiment 1, log (number of Ad-36 DNA copies per ml of 
blood) was plotted against the time points. In experiment 2, 
student's t-test followed by Bonferronl adjustments were 
used to analyze the differences in the means. Chi square 
test was used to analyze the difference in the prevalence of 
obesity in the four groups. 



Techniques and assays 
Utilization of the vims 

Media used for tissue culture. Minimum Essential Media 
Eagle (MEM) (catalog no. M-0643, Sigma Chemicals) with 
non-essential amino aclds; Earle's salts and iP-glutamine was 
used for growing A549 cells for tissue culture. MEM with 10% 
fetal bovine serum (FBS), 2.9% NaHCOa (v/v) pH 7.4, was 
used for growing AS49 cells, and for harvesting or Isolating 
the virus. 

Preparation of plaque-purified Ad'36 (Ad'36P), Human 
adenovlrus-36 (Ad-36, ATCC no: VR-913) was obtained from 
the American Type Culture Collection (ATCC, Rockvilie, 
MD) and the work stock was grown on A549 cells, a 
human bronchial carcinoma tissue culture line. Tills virus 
was plaque purified as described below to obtain genetic 
homogeneity. 

Two hundred microliters of the 10'^ dilution of the virus 
work stock was inoculated in two wells of a six-well plate. 
Two wells of the plate were inoculated with 200 |il of media 
as negative controls. Plates were overlaid with 2 ml of 1% 
agar In media in each well, and the plates were inverted and 
incubated at 37*C till the plaques appeared. Under a micro- 
scope ceils from a single plaque were aspirated using a 
micropipette, placed in 200 ^l of media, and diluted 100- 
fbld. This was considered the first passage. The diluted virus 
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solution was once again grown on A549 cells in a six-well 
plate and the procedure to select a single plaque was 
repeated. A total of three such passages were done and the 
resultant purified virus work stock was grown and was used 
for all the experiments. This purified Ad-36 tested positive 
with an enzyme Immuno-assay (Adenoclone EIA, Meridian 
Diagnostics, Cincinnati, OH) that detects human adeno- 
viruses. A PFU assay was done to determine the viral dose 
in the harvested material. 



Preparation of the viral suspension. The plaque*purified 
virus was grown on AS49 cells In 75 cm^ tissue culture flasks 
at 0.1 multiplicity of infection and 90% destruction of the 
cells was observed due to cytopathic effect (CPE) after about 
10 days. At this time, the flasks were frozen at -80*C and 
later thawed to lyse the cells and release the virus. The cell 
suspension was then centrifuged to pellet the cell debris and 
the clear supernatant was used as the viral suspension for 
inoculating the animals. 



Plaque forming units assay. Titers of Ad-36 virus were 
determined using A54? cells by this assay. Starting with 
100^1 of virus suspension and 900^x1 of media, serial 10- 
fold dilutions were made. A549 cells were grown to conflu- 
ence in six-well plates and three wells were used for each 
dilution. Tliree wells were used as the blank control and were 
not Infected with the virus suspension. Media was removed 
from each well and 100 |il of the serially diluted virus 
suspension were pipetted out in the wells. The plates were 
incubated at 37*C shaking gently every 15 min. After 1 h of 
Incubation, the viral suspension from the wells was removed 
and discarded. The wells were overlaid with about 3 ml of 1% 
agar in media per well, with Ixantlbiotic-antimycotic solu- 
tion. The plates were inverted and incubated at 37'*C for 8 
days until plaques appear. After 8 days, wells were stained 
overnight with about 1 ml of crystal violet per well. The next 
day, number of plaques formed was coimted after removing 
the agar. The number of plaques formed x dilution of viral 
suspension used gave PFU/100|il of inoculum used. This was 
multiplied by 10 to express PFU/ml. 



Tissue culture infectivity dose. The titer of the work stocks 
that caused a CPE in 50% of the wells containing A549 cells 
were calculated and expressed as tissue culture Infectivity 
dose (TCID-50) units per ml. TCID-SO of the work stocks 
were determined using serial 10-fold dilutions of the virus 
work stock. TCID50 was calculated by serially diluting the 
virus stock solution and inoculating cells with the dilutions 
to find out the reciprocal of the highest dilution of virus 
which causes CPE in 50% of the cells inoculated. Titers were 
calculated after the cells Inoculated with the virus dilutions 
were incubated at 37'*C for 8 days. 



Virus isolation 

A549 cells in tissue culture were used for isolation of Ad-36 
from the blood samples drawn 36 h post-inoculation of I-D 
and C-D groups. Flasks containing A549 cells were inocu- 
lated with about 200 nl of whole blood samples and were 
incubated at 37*C in MEM media containing 2 x antibiotic - 
antlmycotlc solution and 10% FBS. Culture media from the 
flasks was collected after 8 days and transferred to cells in 
new set of flasks. This was repeated for a total of three 
passages. Infection was confirmed by observing whether 
viral CPE occurred in the respective cells 8 days after inocu- 
lation of the flask. The isolated virus was confirmed to be a 
human adenovirus by using a human adenovirus specific 
enzyme immuno-assay kit (Adenoclone ElA, Meridian Diag- 
nostics, Cincinnati, OH). 



Capillary electrophoresis assay 

This assay is used to directly detect Ad-36 DNA in the 
blood.*^'^^ Briefly, the assay is divided into three parts 
namely, probe synthesis, DNA extraction and hybridization, 
and CErLIF (capillary electrophoresis-laser-lnduced 
fluorescence) analysis. 

Probe synthesis. We have the entire Ad-36 genome 
sequenced. To ensure specificity of the DNA detection only 
a sequence unique to Ad-36 from the fiber protein region of 
the viral genome was probed. Uniqueness of the sequence 
was verified by a gene bank search. A 5 fluorscein phosphor- 
amldite labeled DNA probe for Ad-36 adenovirus (5* AGT 
TGA AAC AGC AAG AGA CTC AAA G) was synthesUed by 
IDT Laboratories (Coralviile, lA). 

DNA extraction and hybridization. The DNA from the 
blood, adipose tissue and muscle samples of clilckens was 
extracted with the QJagen QIAmp Blood or tissue kit and 
quantitated spectrophotometrically. The genomic DNA was 
then digested with Mbol (restriction enzyme from bacteria 
Moraxella Bovis) by standard procedures to generate smaller 
DNA fragments for hybridization, and treated with RNAse 
One to remove any RNA contamination. This DNA was then 
hybridized with the DNA probe (1.0125 ng) in a buffer 
volume of 30 ^d containing 10 mM Tris-HCl (pH 7.2), 
ImM EDTA (pH 8.0) and 50 nM NaCl. The mixture was 
heated at 85*C for lOmln, and then Incubated at 42'C for 
4h. Following the incubation, samples were flash frozen at 
-SO'C. 



CE-LIF analysis 

Separations were performed on a P/ACE 2050 system using 
UF In the reversed-polarity mode (anode at the detector side) 
at excitation of 488 nm and emission of 520 nm. Samples 
were introduced hydrodynamically by 10 s Injections at 
0.34 Pa pressure across a 65cmxl(K)^M coated eCAP 
double stranded DNA (dsDNA) capillary filled with replaced 
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linear polyacrylamide. The capillary was conditioned with 
eCAP dsDNA 1000 gel buffer. Separations were performed 
under constant voltage at 7.0 kV for 15-30min. The intra- 
day and inter-day migration time precision was 0.18% (n = 9) 
and 0.22% (« = 6X respectively. The intra-day peak area 
precision was 7.3% (n = 6) and the inter-day peak area pre- 
cision was 11% (w=:9). The minimal detectable level was 
36 ag (signal to noise ratio 3:1). 

Data are obtained as relative fluorescence units (RFU), 
which are converted to picogram DNA by comparing the 
RFU obtained from a standard (pGEM Molecular Markers, 
catalog no. G174, Promega, Madison, WI) of known concen- 
tration picogram DNA. Viral loads in the blood samples were 
determined by comparison to a standard curve as previously 
described^^ and by expressing picogram DNA as number of 
copies of the virus. Briefly, one copy of Ad-36 DNA contains 
33 068 base pairs. One picogram of DNA contains 9x10® bp, 
making 1 pg equal to approximately 27 216 copies of Ad-36 
DNA. Results of the capillary electrophoresis assay (picogram 
of viral DNA) were expressed as the number of copies of Ad- 
36 per ml of the blood samples obtained from the two 
inoculated and two in-contact chickens before and after 
the viral inoculation (Figure 1). 



DNA from A549 cells without virus, and DNA from A549 
cells infected with Ad-36 were used as negative and positive 
controls, respectively. Also, DNA from A549 cells infected 
with other human adenoviruses Ad-2, Ad-31 and Ad-37 were 
used as negative controls. 



Serum neutralization assay 

This assay was used to screen the serum for Ad-36 antibodies. 
Serum was heat inactivated for 30 min at 56*'C. The assay was 
carried out using 96-well microtiter plates. Serial 2-fold 
dilutions (1:2 to 1:1024) of serum were made with media 
and 50 nl of each dilution were added per well in duplicate. 
Fifty microliters of Ad-36 virus (100 TCID50) were added to 
each dilution. The plates were incubated at 37''C for 1 h. One 
hundred microliters of cell suspension containing about 
20 000 cells were added to each well and the plates were 
incubated at 37*0 for 12 days. Crystal violet-ethanol was 
added to each well to fix and stain the cells and the plates 
examined for CPE. The highest serum dilution with no CPE 
was considered the titer. Controls included wells containing 
no virus and/or wells with virus but no serum. A back 
titration to confirm the use of the appropriate virus dilutions 




* Inoculated -1 

- Inoculated - 2 
•In-Contact - 1 

• In- Contact -2 



I • I 

18 d 25 d 



Figure 1 Ad-36 DNA titers In the biood of chickens inoculated with Ad-36 as well as the chickens kept in contact with the inoculated chickens. Time 0 
denotes blood sample obtained before the viral inoculation. 
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was included. Presence of CPE with the virus and none in the 
presence of serum was considered an indication of effective 
neutralization of the virus with antibody in serum and the 
serum was considered to have antibody against the virus. 
A titer lower than 1:8 was considered to be non-specific 
neutralization and a titer of > 1:8 was considered positive. 



Assays for serum cholesterol and triglycerides 
Serum CHOL was assayed using the CHOL oxidase-peroxi- 
dase method. Colorimetric determinations were made using 
Sigma kits (catalog no. 352) and the absorbance read at 
500 nm. Cholesterol calibrator (Sigma catalog no. C 7921) 
and Cardiolipid control (Sigma catalog no. C 4571) were 
used. 

TG were determined using the glycerol phosphate-perox- 
idase method. Colorimetric determinations were made using 
Sigma kits (catalog no. 339-50) and the absorbance was read 
at 540 nm. Glycerol (Sigma catalog no. 339-11) was used as a 
standard. 



Body composition analysis 

Digestive tracts of the carcasses were cleaned and returned to 
the carcasses. After autoclaving and homogenization of the 
carcasses, aliquots were used for water, ash and fat contents. 
All measurements were performed in triplicate. Water con- 
tent was determined by heating samples to a constant weight 
in a drying oven overnight at 90"* C. Ash content was deter- 
mined by incinerating the sample in a furnace at 600°C for 
4h. The Folch extraction method^* was used for body fat 
determination. Fat was extracted with methanol -chloro- 
form. 



Results 
Experiment 1 

Onset and duration of presence of Ad-36 DNA in the 
blood, Ad-36 DNA was absent in the blood of all four 
chickens drawn prior to the viral inoculation (0 time, 
Figure 1). Ad-36 DNA appeared in the blood 12-36h post- 
inoculation in the chickens receiving Ad-36 inoculation and 
was detectable up to 25. days when the last blood sample was 
obtained (Figure 1). Ad-36 DNA was detectable in 12 h in 
both the 'in-contaa' chickens. One of the 'in -contact' chick- 
ens had Ad-36 DNA up to 25 days and the DNA was 
undetectable at 11 days in the other 'in-contact' chicken. 



Experiment 2 

Transmission of Ad-36-induced adiposity by transfusion of 
blood obtained from Ad-36 infected animals. Detection of 
Ad'36, The vims could be isolated from 12 out of 16 blood 
samples of the I-D group that were used for inoculating I-R 
chickens, confirming active viremia at transfusion. The Ade- 
noclone EIA kit confirmed that the isolated virus was a 



human adenovirus. No virus was isolated from the blood 
from the C-D group. Three animals from each of the four 
groups were randomly selected to test for Ad-36 DNA in the 
blood, adipose tissue and the skeletal muscle. Ad-36 DNA 
was detected in the DNA obtained from the blood and the 
adipose tissue of the I-D and I-R groups but not in the 
skeletal muscle DNA from these groups (T^ble 1). Ad-36 
DNA could not be detected in the blood, adipose tissue or 
skeletal muscle of the control groups (C-D and C-R). 

Antibodies to Ad-36, Ad-36 antibodies were absent in all 
chickens at the start of the experiment. Ad-36 neutralizing 
antibodies were detected in all chickens from the infected 
groups (I-D and I-R) 10 days after the viral inoculation and at 
sacrifice. Ad-36 antibodies were not detected in the control 
groups (C-D and C-R). 

Body composition. Total cumulative food intake per 
chicken after the first inoculation was not different for any 
of the groups (meanis.d.; C-D, 5401.6±268.1g; C-R, 
5585.5 ± 560.0 g; I-D, 5234.6 dt 338.3 g; I-R, 5316.2 i 687.7 g, 
?=0.55 by ANOVA). Mean body weights, visceral fat, total 
body fat (%), CHOL and TG levels or the prevalence of 
obesity were not different for the two control groups (C-D 
and C-R, Table 2). Compared to the C-D, final mean body 
weights of the I-D and I-R groups were not significantly 
different. Compared to the C-D group, visceral fat was 
greater by 142% and 80% for I-D (P< 0.002) and I-R 
(P<0.01) groups, respectively (Table 2). 

Compared to the C-D group, total carcass fat was greater 
by 35% for the I-D group (P<0.01) and by 44% for the I-R 

Table 1 Experiment 2: capillary electrophoretic detection of Ad-36 
DNA in chicken blood and tissue obtained 5 weeks post-inoculation 
from control donors (C-D), control receivers (C-R), infected donors (I-D) 
and Infected receivers (UR) 





C-D 


C-R 


i-D 


l-R 


Number 


3 


3 


3 


3 


Blood 






+ 


+ 


Adipose tissue 








+ 


Skeletal muscle 











+ , Ad-36 DNA present-, Ad- 36 DNA not detected. 



Table 2 Effect of blood transfusion from Ad-36 inoculated chickens (I- 
D) and chicken inoculated with media (C-D) to infected receivers (I-R) 
and control receivers (C-R), respeaively (Experiment 2) 



C-D C-R I-D 



Number 16 16 16 16 

Body weight (g) 1250±28.4 1264±15.6 1328±39.4 1343±28,6 

Visceral fat (9) 13.7±7^ 18.1±8.2 33.1 ±13.8* 24.7±11.5* 

Body fat (%) 7.8 ±0.5 8.8 ±0.7 10.5 ±0.7* 11. 2 ±0,8* 

CHOL(mmol/l) 3.54±0.1 3.56±0.12 3.02±0.09^ 3.10±0.13* 

TC(mmol/l) 1.12±0.08 1.01 ±0.04 0.88 ±0.04- 1.01 ±0,05 



Means ±s.e.m. 

*P< 0.045; >< 0.002; *P<0.01. 
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group (P<0.01). Using the definition of obesity as a total 
body fat greater than the 8Sth percentile of the range of the 
control groups (C-D and C-R), seven I-D chickens (64%) and 
eight 1-R chickens (72%) were obese (P<0.02 and < 0.004, 
respectively). Only four chickens (18%) were obese from the 
uninfected control groups together (C*D and C-R). 

Serum lipids* Serum CHOL and TG for the I-D group and 
serum CHOL for the I-R group were significantly lower 
compared to the C-D group (Table 2). 



Discussion 

Whether Ad-36 causes viremla In the Infected animals was 
previously unknown, filood-bome spread of Ad-36 would be 
a possibility If Ad-36 does cause viremla. The aim of experi- 
ment 1 was limited to observing viral DNA titers In the 
blood. Therefore, only four animals were used for the experi- 
ment. The data from experiment 1 demonstrate that Ad-36 
DNA appears in the blood after animals have been Inocu- 
lated with Ad-36. The onset of Ad-36 DNA appearance In the 
blood was as soon as 12 h following the Inoculation. 
Although the titers were gradually declining, Ad-36 DNA 
showed a prolonged and continued presence in the blood, 
which raises the possibility of a long carrier state for infected 
individuals. Substantially high titers for the viral DNA were 
present 36 h post-inoculation. Rise and fall of Ad-36 DNA 
titers in the blood suggested viral replication and clearance 
phases In the body. Appearance of Ad-36 DNA and the 
rapidity of the onset of viremla In the blood of chickens 
sharing cages with Ad-36 Inoculated animals demonstrated 
the ease of transmission of Ad-36 infection In chickens, It 
appears that Ad-36 virus quickly spreads from the nasal 
passages of a chicken, circulates in the blood of the Infected 
chickens, and is also very quickly spread horizontally to 
uninfected chickens kept in contact with the infected chick- 
ens. The exact route of Infection of the 'in-contact' chickens 
is not clear. The results suggest a high degree of infectlvity 
from either nasal -oral secretions and/or by fecal excretion 
and contamination. Both chickens in a cage were males and 
too young to be sexually active, which rules out sexual 
transmission of the Infection, 

Experiment 2 Is the first report describing transmission of 
adiposity due to blood transfusions. We have previously 
shown that chickens and mice Inoculated with Ad-36 
develop adiposity and paradoxically low levels of serum 
CHOL and TG compared to uninfected controls.® In the 
present experiment, this adiposity syndrome was observed 
in the two infected groups. Relative to the total body fat 
inwease, the Infected chickens showed preferential Inaeases 
in visceral adipose tissue. Presence of virus in the blood 
transfused to I-R chickens was demonstrated by isolating 
the virus and by DNA detection using CE. Also, the more 
than 4-fold rise in antibody titers, and the presence of Ad-36 
DNA In adipose tissue and blood of the Infected groups (I-D 
and I-R) confirm the presence of Infection in these animals. 
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Selealve presence of Ad-36 DNA In the visceral adipose 
tissue compared to the skeletal muscle despite Its presence In 
the blood Is an Important finding and may indicate a viral 
affinity for the adipose tissue. 

The results of the two experiments taken together suggest 
that Ad-36 can be transmitted from an experimentally 
infected chicken to a cage-mate through close physical con- 
tact, and that viral DNA may persist in blood for at least 3.5 
weeks following acute infection. Not only the virus itself, but 
also the adiposity induced by the virus can be transmitted 
between chickens via blood. 

One of the most significant findings of this project is the 
fulfilment of the Koch's postulate. Experiment 2 demon- 
strated that Ad-36 infection induced adiposity in animals. 
The same organism (Ad-36) could be recovered from the 
blood of these animals and on inoculation produced adip- 
osity once again in a separate set of animals. These data 
along with our previous data that showed that adiposity 
induced by Ad-36 is not a non-specific effect of a viral 
Infection® provide stronger evidence for a causative role for 
Ad-36 In Inducing adiposity in animals under experimental 
conditions. 

Ad-36 Is a human virus and It was first Isolated from a 
fecal sample of a diabetic girl with enteritis. Almost noth- 
ing Is known about its pathogenicity in humans. Serum 
neutralizing antibody assays show a widespread presence of 
Ad-36 antibodies in the populatlon.^^ Therefore, Ad-36 
pathogenicity has high relevance to human health. 
Obviously, we carmot demonstrate Ad-36 induced adiposity 
in humans by deliberate transfusion of blood contaminated 
with the virus. Therefore, we have used an animal model to 
study the transmisslbllity of Ad-36 infection and Ad-36 
induced adiposity. 

Conclusion 

In conclusion, this study demonstrated that Ad-36 infection 
as well as Ad-36-lnduced adiposity could be transmitted in a 
chicken model, Further investigation is needed to investigate 
the potential for transmission of virus-induced adiposity in 
humans. 
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Transmissibility of adenovirus-induced adiposity in a chicken 
model. 

Dhurandhar NV, Israel BA, Kolesar JM, Mayhew G, Cook ME, 
Atkinson RL. 

Department of Nutrition and Food Science, Wayne State University, Detroit, 
Michigan 48202, USA. ndhurand@sun.science.wayne.edu 

BACKGROUND: We previously reported that human adenovirus Ad-36 
induces adiposity and paradoxically lower levels of serum cholesterol 
(CHOL) and triglycerides (TG) in animals. OBJECTIVE: To evaluate the 
transmissibility of Ad-36 and Ad-36 induced adiposity using a chicken model. 
DESIGN: Experiment l~four chickens were housed (two per cage) and one 
from each cage was inoculated with Ad-36. Duration of presence of Ad-36 
DNA in the blood of all chickens was monitored. Experiment 2~two groups 
of chickens were intranasally inoculated with Ad-36 (infected donors, I-D) or 
media (control donors, C-D). Blood drawn 36 h later from I-D and C-D 
groups was inoculated into wing veins of recipient chickens (infected 
receivers, I-R, and control receivers, C-R, respectively). On sacrifice, 5 
weeks post-inoculation, blood was drawn, body weight noted and visceral fat 
was separated and weighed. RESULTS: Experiment 1 -Ad-36 DNA 
appeared in the blood of the inoculated chickens and that of uninoculated 
chickens (cage mates) within 12 h of inoculation and the viral DNA persisted 
up to 25 days in the blood. Experiment 2— compared with C-D, visceral and 
total body fat were significantly greater and CHOL significantly lower for the 
I-D and I-R. TG were significantly lower for the I-D. Ad-36 was isolated 
from 12 out of 16 blood samples of the I-D that were used for inoculating 
I-R chickens. Ad-36 DNA was present in the blood and the adipose tissue of 
the I-D and I-R but not in the skeletal muscles of animals selected randomly 
for testing. CONCLUSION: As seen in experiment 1, Ad-36 infection can be 
transmitted horizontally from an infected chicken to another chicken sharing 
the cage. Additionally, experiment 2 demonstrated blood-borne transmission 
of Ad-36-induced adiposity in chickens. Transmissibility of Ad-36-induced 
adiposity in chicken model raises serious concerns about such a possibility in 
humans that needs further investigation. 
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Increased adiposity in animals due to a human virus. 

Dhurandhar NV, Israel BA, Kolesar JM, Mayhew GF, Cook ME, 
Atkinson RL. 

Department of Nutrition and Food Science, Wayne State University, Detroit, 
MI, USA. ndhurand@sun.science.wayhe.edu 

BACKGROUND: Four animal models of virus-induced obesity including 
adiposity induced by an avian adenovirus have been described previously. 
This is the first report of adiposity induced in animals by a human virus. 
OBJECTIVE: We investigated the adiposity promoting effect of a human 
adenovirus (Ad-36) in two different animal models. DESIGN: Due to the 
novel nature of the findings we replicated the experiments using a chicken 
model three times and a mammal model once. In four separate experiments, 
chickens and mice were inoculated with human adenovirus Ad-36. Weight 
matched groups inoculated with tissue culture media were used as 
non-infected controls in each experiment. Ad-36 inoculated and uninfected 
control groups were housed in separate rooms under biosafety level 2 or 
better containment. The first experiment included an additional weight 
matched group of chickens that was inoculated with CELO (chick embryo 
lethal orphan virus), an avian adenovirus. Food intakes and body weights 
were measured weekly. At the time of sacrifice blood was drawn and visceral 
fat was carefully separated and weighed. Total body fat was determined by 
chemical extraction of carcass fat. RESULTS: Animals inoculated with 
Ad-36 developed a syndrome of increased adipose tissue and paradoxically 
low levels of serum cholesterol and triglycerides. This syndrome was not 
seen in chickens inoculated with CELO virus. Sections of the brain and 
hypothalamus of Ad-36 inoculated animals did not show any overt 
histopathological changes. Ad-36 DNA could be detected in adipose tissue, 
but not skeletal muscles of randomly selected animals for as long as 16 
weeks after Ad-36 inoculation. CONCLUSIONS: Data from these animal 
models suggest that the role of viral disease in the etiology of human obesity 
must be considered. 
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A method to determine if a person is suffering viral obesity, comprising immunoassay or 
nucleic acid probe hybridisation of body fluid, faeces, or sample tissue, to detect 
infection by an obesity-causing and cholesterol reducing adenovirus, is new. Also 
claimed is substantially purified Ad-36p. 

USE - The method is used to determine whether obesity in a person has a -viral basis. 
Use of Ad-36p to detect viral infection and thus susceptibility to becoming obese, as 
the basis of a vaccine to prevent viral -based obesity, and as a method to reduce serum 
levels of total triglyceride, cholesterol, and low-density-lipoprotein-associated 
cholesterol, is disclosed. 

ADVANTAGE - Substantially purified Ad-36p is more sensitive in immunoassays than the 
prior art ATCC Ad-36 culture, which contains a number of variants. 
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A method to determine if a person is suffering viral obesity, comprising immunoassay or 
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the basis of a vaccine to prevent viral -based obesity, and as a method to reduce serum 
levels of total triglyceride, cholesterol, and low-density-lipoprotein-associated 
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PAPER 

Human adenovirus-36 is associated with increased 
body weiglit and paradoxical reduction of serum lipids 

RL Atkinson^*, NV Dhurandhar^, DB Allison^ RL Bowen^ BA Israel^, JB Albu^ and AS Augustus^ 

^Ohetech Obesity Research Center, Richmond, VA, USA; ^Department of Nutrition and Food Science; Wayne State University, 
Detroit, MI, USA; ^Obesity Research Center, St Luke's-Roosevelt Hospital, Columbia University, College of Physicians and 
Surgeons, NY, USA; ^Bowen Center, Naples, FL, USA; ^Department of Pathobiological Sciences, University of Wisconsin, 
Madison, USA; and ^Departments of Medicine and Nutritional Sciences; University of Wisconsin, Madison, USA 

BACKGROUND: Human adenovirus-36 (Ad-36) increases adiposity and paradoxically lowers serum cholesterol and triglycerides 
in chickens, mice, and non-human primates. The role of Ad-36 in human obesity is unknown. 

OBJECTIVES: To determine the prevalence of Ad-36 antibodies in obese and nonobese humans. To evaluate the association of 
Ad-36 antibodies with body mass index (BMI) and serum lipids. 

DESIGN: Cohort study. Volunteers from obesity treatment programs, communities, and a research study. 

SUBJECTS: Obese and nonobese volunteers at the University of Wisconsin, Madison, Wl, and the Bowen Center, Naples, Florida. 

Obese and thin volunteer research subjects and 89 twin pairs at Columbia University, New York. 

INTERVENTIONS: Study 1 : 502 subjects; serum neutralization assay for antibodies to Ad-2, Ad-31, Ad-36, and Ad-37; serum 
cholesterol and triglycerides assays. Study 2: BMI and %body fat in 28 twin pairs discordant for Ad-36 antibodies. 
MAIN OUTCOME MEASURES: Presence of antibodies to adenoviruses, BMI, serum cholesterol and triglycerides levels. 
RESULTS: Significant (P< 0.001) association of obesity and positive Ad-36 antibody status, independent of age, sex, and 
collection site. Ad-36 antibodies in 30% of obese, 1 1 % of nonobese. Lower serum cholesterol and triglycerides (P< 0,003) in Ad- 
36 antibody-positive vs -negative subjects. Twin pairs: antibody- positive twins had higher BMIs (24.5 ±5.2 vs 23.1 ±4.5 kg/m^, 
P< 0.03) and %body fat (29.6±9.5% vs 27.5 ±9.9%, /><0.04). No association of Ad-2, Ad-31, or Ad-37 antibodies with BMI or 
serum lipids. ^ 

CONCLUSIONS: Ad-36 is associated with increased body weight and lower serum lipids in humans. Prospective studies are 
indicated to determine if Ad-36 plays a role in the etiology of human obesity. 
International journal of Obesity (2005) 29, 281-286. doi:l 0.1 038/sj.ijo. 0802830 
Published online 21 December 2004 

Keywords: body mass index; etiology; serum cholesterol; serum triglycerides; twins; viral antibodies 



Introduction 

Four animal viruses and the scrapie agent are reported to 
increase adiposity when injected into animals. ^"^^ Canine 
distemper virus produces obesity in mice, probably due to 
viral-induced hypothalamic damage. ^"^ Rous-assodated 
virus type 7 (RAY- 7) induces a syndrome of obesity, stunted 
growth, hyperlipidemia, fatty liver, hepatomegaly, anemia, 
and immune suppression in chickens.^'^ Boma virus pro- 
duces an obesity syndrome in rats characterized by lympho- 
monocytic inflammation of the hypothalamus, pancreatic 
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islet hyperplasia, and elevated serum glucose and triglycer- 
ides levels.® 

Dhurandhar et al^^'^^ reported that an avian adenovirus, 
SMAM-1, produced excessive deposition of visceral fat and 
paradoxical reductions of serum cholesterol and triglycerides 
in chickens. Of 52 obese himians tested, 10 had antibodies to 
SMAM-1. These individuals had a higher body mass index 
(BMI) and lower serum cholesterol and triglycerides than did 
antibody-negative subjects. 

Our laboratory reported that inoculation of a human 
adenovirus-36, (Ad-36), into chickens, mice, and non-hu- 
man primates produces a distinctive syndrome of increased 
adipose tissue vnth paradoxically lower serum cholesterol 
and triglycerides compared to uninfected controls. ^-^'^^ 

The current study evaluated the association of positive 
antibody status to four human adenoviruses, Ad-36, Ad-2, 
Ad-31, and Ad-37, with body weight and serum lipids in 
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obese and nonobese humans and in twin pairs discordant for 
Ad-36 antibodies. 



Methods 

We performed two studies. In Study 1, serum from obese and 
nonobese volunteers in tliree American cities was assayed for 
viral antibodies, cholesterol, and triglycerides. In Study 2, we 
assayed samples from twin pairs. Written informed consent 
was obtained for collection of blood samples. The University 
of Wisconsin Human Subjects Committee approved the 
protocols. 

Subjects, Study 1 — Obese and nonobese volunteers 
Blood samples were obtained from 502 subjects from 
Madison, Wisconsin (WI); Naples, Florida (FL); and New 
York, (NY) (Table 1). Overweight was defined as a BMI of 
^25kg/m^ and obesity was defined as a BMI of ^30 kg/ 
m^.^^ Overweight and obese volunteers in Madison and 
Naples were attending weight reduction programs. Blood 
was obtained at or near the time of entry into the program in 
most subjects. Nonobese subjects were volunteers fiom the 
University and local communities obtained by word-of- 
mouth publicity during the period from 1995 to 1999. 
Aliquots of stored samples were obtained from obese and 
thin research subjects at the New York Obesity Research 
Center, who were massively obese (lifetime BMI > 50 kg/m^) 
or unusually thin (BMI <22kg/m^) during a period from 
1993 to 1998. Race was not specifically ascertained, but of 
the Madison and Naples subjects, more than 95% were of 
Caucasian ancestry. In New York, about one-third were black 
subjects and about one-half were Caucasian. 
Subjects, Study 2 — twin samples 

Serum samples from 89 twin pairs, collected from about 
1993 to 1998 for other studies, were screened for antibodies 
to Ad-36. A total of 26 twin pairs who were discordant for Ad- 
36 antibody status (20 monozygotic; six dizygotic) had 
assessments of BMI, cholesterol, and triglyceride levels. Each 
subject had percent body fat (% body fat) measured using 
dual-energy X-ray absorptiometry, hydrodensitometry, and/ 
or bioimpedance analysis. The same body composition 
method(s) was used within twin pairs. 

Development of assays for human adenoviruses 



Table 1 Characteristics of human subjects. Study 1 



florida New York Wisconsin 





Obese 


Nonobese 


Obese 


Nonobese 


Obese 


Nonobese 


Number 


103 


35 


7A 


43 


183 


64 


Men/women 


21/82 


7/2B 


19/55 


MA2 


47/136 


17/47 


Age (y) 


45.3 


42.9 


38.5 


29,7* 


44.2 


35.1* 


(±s.d,) 


(±10.6) 


(±n.7) 


(12.6) 


(±7.2) 


(±8.2) 


(±11-2) 


BMI (kg/m^) 


37.4 


26.9 


61.2 


20.3 


39,8 


25.3 


(±s.d.) 


(±6.9) 


(±2-8) 


(±12.0) 


(±2.2) 


(±8.2) 


(±3.3) 


Definition of obesity: BM1^30kg/m 


1^; Mean ± standard deviation. 


*P< 0.001. 



Human adenoviruses types 2 (Ad- 2), 31 (Ad-31), 36 (Ad- 
36), and 37 (Ad-37) from the American Type Culture 
Collection (ATCC, Manassas, VA, USA) were grown on 
A549 cells, a human bronchial carcinoma tissue culture line. 
TCID-50, the dose of virus that produced cell damage (CPE) 
in 50% of wells, was determined for each virus by standard 
methods. A sample of Ad-36 virus from a single plaque on a 
tissue culture plate was plated onto fresh cells and the 
process repeated three times to obtain a homogenous virus 
work stock. Use of this purified Ad-36 virus stock (Ad-36P) 
increased sensitivity of antibody detection in Ad-36-positive 
serum samples compared to the original Ad-36 source, so 
Ad-36P was used in serum neutralization (SN) assays for all 
but the first 105 samples from Wisconsin, and for all assays 
from the other sites. 

SN assays for viral antibodies in serum were performed 
using the 'constant virus-decreasing serum' method.^"* Test 
serum was heat inactivated in a water bath at 56°C for 
30min and serially diluted (two-fold) from 1:2 to 1:512 in 
96-well plates. A total of 100 TCID-50 of the respective 
adenovirus work stock was added to each of the wells. A549 
cells were added to these wells after Ih of incubation at 
37^C. Each test serum was run in duplicate by individuals 
blinded to the subjects' BMI. Serum control (serum and cells, 
but no virus), cell control (cells alone, no virus, no sertmri), 
and virus control (cells and virus, no serum) were included 
with each assay. Plates were incubated at 37°C for 11 days 
and the presence of CPE was noted. Serum samples without 
CPE in dilutions of 1:8 or higher were considered positive for 
the presence of neutralizing antibodies to the respective 
virus and evidence of prior infection with that virus. Samples 
with titers lower than 1:8 were considered nonspecific in the 
SN assay. 

A vims back-titration was carried out with each assay as a 
quality check. In all, 100 TCID-50 of the virus was added to 
the first well of the 96-well plate and serial two-fold dilutions 
were made. A549 cells were added to the wells and 
development of CPE was observed. The amount of virus 
decreases with each dilution, and infectivity was never 
observed with seven or more dilutions. 

Assays for serum cholesterol and triglycerides 

Serum samples from Wisconsin subjects were assayed for 
cholesterol and triglycerides by the University of Wisconsin 
Hospital Clinical Laboratory. Florida and New York senmi 
samples were assayed using cholesterol oxidase-peroxidase 
colorimetric Sigma kit assays (Sigma, St. Louis, cat #352) with 
a cholesterol calibrator (Sigma, cat #C 7921) and cardiolipid 
control (Sigma, cat #C 4571). Subjects from Florida and New 
York were not necessarily fasting, so triglyceride assays were 
not performed on their serum. 



Statistical analyses 

Study 1: Ad-36 antibodies in three sites 

To test the overall effect of the presence of Ad-36 
antibodies on the presence of obesity, we regressed BMI 
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status on Ad-36 antibody status while controlling for age, 
sex, and site of recmitment (Florida, New York, Wisconsin) 
using logistic regression. It was not appropriate to use BMI as 
a continuous variable in a linear regression analysis because 
the nature of the nonrandom extreme sampling on the BMI 
phenotype that was employed at each site led to marked 
violations of the parametric assumptions (ie, normality of 
residuals and homoscedasticity) of such an analysis. To test 
the sensitivity of our results to different choices of cutpoint, 
we repeated the analysis several times re-setting the BMI 
cutpoint for each integer value from 25 to 30 inclusive. 
Regardless of which BMI cutpoint was chosen, results were 
unchanged in terms of both direction of effect and statistical 
significance. The cutpoint that gave the largest (or 
Akaike's Information Criterion — AIC) value in the logistic 
regression was 27kg/m^. However, we chose to present the 
data based on the WHO and NIH definition of obesity 
(^30kg/m^) as the reference value. Data from all three sites 
were pooled in a single analysis and potential differences in 
effects among sites were tested via using interaction terms 
between two dummy codes for site and Ad-36 status. Data 
were also analyzed in a secondary analysis separately by site. 

To test the effect of Ad-36 on susceptibility to lower serum 
cholesterol levels, we regressed cholesterol level on Ad-36 
antibody status while controlling for age, sex, site of 
recruitment, and BMI (to control for the greater obesity 
among the Ad-36-positive subjects) using ordinary least- 
squares linear regression. To improve the fit of the data to the 
parametric assumptions of the analysis, cholesterol was 
transformed via a Box- Cox transformation by raising 
cholesterol levels to the power of 0.25. The results were 
virtually identical when the untransformed data were 
analyzed. As above, data from all three sites were pooled in 
a single analysis and potential differences in effects among 
sites were tested via using interaction terms and then 
analyzed in a secondary analysis separately by site. 

Fasting serum for triglycerides assays were available 
only from Wisconsin, so site-specific analyses were not 
performed. Data analyses, using a Box-Cox transformation 
and raising triglycerides levels to the power of 0.25, were 
similar to those for cholesterol. The results were virtually 
identical when the untransformed data were analyzed. 

Study 2: twins discordant for Ad-36 antibodies 

A weighted least-squares analysis was applied to the 
monozygotic and dizygotic twin pairs, followed by t-tests 
to test for intrapair differences in BMI, serum cholesterol, 
and triglycerides. 



Results 

Study 1, Comparison of obese and nonobese subjects 

T^ble 1 shows that women outnumbered men in all three 
sites and that nonobese subjects were yoimger than obese 
subjects (P<0.001) in two sites. However, the mean age was 
similar for Ad-36 antibody-positive (AB-i-) and antibody- 
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Table 2 Ad-36 antibody status, age, and BMI in obese and nonobese 
subjects 





Age (y) 


BMI (kg/m^) 


Hll iUufcCO cofTtoinsu 






AB- (Af=378) 


40.7 + 11.6 


35.8+12.3 


AB+ (N = 124) 


41,7±ia3 


44.9+16.3* 


Nonobese (BMK 30) 






AB- (W=126) 


35.1 + 12.0 


23.9±3.8 


AB+ (N=16) 


36.1 ±9,0 


26.3+4,2** 


Obese (BMt> 30) 






AB-(/V=252) 


43.6±10.2 


41.8+10.6 


AB+ (N=108) 


42.5 + 10.3 


47.7±15.6* 



Mean + s.d.; *P< 0.0001; **P<0.02. AB-: Ad-36 antibody negative; AB+: 
Ad-36 antibody positive. 



negative (AB-) subjects (age = 41.7 vs 40.7y, P=0.38) 
(Table 2), suggesting that age did not play a role in 
susceptibility to infection with Ad-36. 



Results of testing for Ad-36 antibodies 

Percent antibody positive: When obese subjects from all sites 
were combined, 30% were Ad-36 AB + compared to 11% of 
all the nonobese subjects. The percent of Ad-36 AB + obese 
individuals was 27% in Florida, 58% in New York, and 20% 
in Wisconsin, and the percentages for Ad-36 AB -j- nonobese 
individuals were 14, 9, and 11%, respectively. 

Body mass index: In the overall analysis, independent of 
age and sex, the effect of Ad-36 status on the risk of obesity 
was highly significant (/^ = 34.0, df = 1; P< 0.001). Moreover, 
the 2 df interaction test of whether the results differed by site 
was not significant (x^ = 0.618, df=2; P = 0.74) indicating 
that the results were consistent across sites. Similarly, when 
data were analyzed separately by site, the estimated effect of 
Ad-36 remained significant (FLA, x^ = 5.99, df=l; P<0.02; 
NY, 21.19, df=l; P<0.001; WI, x^ = 8.34, df=l; 
P<0.005). 

With all subjects combined, the mean BMI of Ad-36 AB + 
subjects was 44.9 ± 16.3 kg/m^ vs a BMI of 35.8 ± 12.3 kg/m^ 
in AB- subjects (Table 2), In nonobese subjects, positive Ad- 
36 antibody status was associated v^rith a modestly greater 
BMI (26.3 ±4.2 vs 23.9 ± 3.8 kg/m^). Obese AB+ subjects had 
a BMI of 47.7 ± 15.6 vs 41.8± 10.6kg/m^ for the AB- subjects 
(Table 2). 

Serum cholesterol and triglycerides: As we previously 
observed in three species of animals infected with Ad-36, 
both obese and nonobese subjects who were Ad-36 AB-i- 
had paradoxically lower levels of cholesterol and triglycer- 
ides, which were highly significantly different from in- 
dividuals who were Ad-36 AB- (Table 3), With all subjects 
combined, serum cholesterols were 5.51 ±0.07 in AB- vs 
4.64±0.11mmol/I in ABh- (P<0.0001). When data were 
analyzed separately by site, the estimated effect remained 
significant (Table 3). Fasting serum triglycerides were 
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Table 3 Ad-36 antibody status and serum lipids 





Cholesterol (mmol/l) 


Triglycerides (mmol/l) 




AB- 


AB+ 


AB~ 


AB+ 


Florida 


5.47±0.15 


4.53+0.25* 






New York 


5.30±0.19 


4.41 ±0.21* 






Wisconsin 


5.60±0.09 


4.97 ±0.1 2* 


1.70 + 0.07 


1.29 + 0.07** 


Combined sites 


5.51 ±0.07 


4.64 ±0.11** 


1.7O±0.07 


1.29±0.07** 



Mean±s.e.m.; *P< 0.003; **P< 0.0001 . AB-: Ad-36 antibody negative; AB+: 
Ad- 36 antibody positive. 



available only at the Wisconsin site. In 108 fasting subjects, 
triglycerides were 1.70 + 0.07 in AB- and 1.29 ±0.07 mmol/l 
(P<0.0001) in AB+ (Table 3). 

Examining the data in a different manner by focusing 
on serum cholesterols, the subjects were divided into 
quartiles based on serum cholesterol. The lowest quartile of 
cholesterol had 42% of subjects AB + for Ad-36 whereas the 
top quartile had 11% of subjects AB + . As expected, age 
increased from the bottom to the top quartile (38.1 + 11.5 vs 
43.4+11.4, P< 0.0007), but BMI was higher in the bottom 
quartile (41.6 + 15.6 vs 36.7±13.1, P<0.008). 

Other variables: A total of 31 other variables were 
evaluated for the first 106 samples from obese subjects in 
Wisconsin, including waist and hip circumferences, smoking 
status, blood pressure, pulse rate, high-density lipoproteins 
(HDL), glucose, uric acid, thyroid function tests (T4, TSH), 
and other standard lab tests. The age of onset of obesity 
trended towards significance in subjects positive vs negative 
for Ad-36 antibodies (17.9±2.6 vs 13.0±1.2y (+s.e.m.),. 
P<0.10). None of the other variables was significantly 
correlated with antibody status. 



Results of testing for Ad-2, Ad-31, and Ad-37 

Body weight In subjects with sufficient sera remaining for 
the assay, SN assays were performed for antibodies to Ad-2, 
Ad-31, and Ad-37. The prevalence of antibodies in obese vs 
nonobese was not different for Ad-2 (76 vs 81%, P=0.4) or 
for Ad-31 (70 vs 80%, P=0.2) (T^ble 4). One obese and four 
nonobese subjects out of a total of 198 subjects screened had 
antibodies to Ad-37, These five subjects were not analyzed 
further. Combining obese and nonobese subjects, analyses 
revealed no significant differences for age, BMI, or triglycer- 
ides between the AB + and AB- subjects for either Ad-2 or 
Ad-31. 

Serum cholesterol and triglycerides: No significant associa- 
tions of serum cholesterol or triglycerides were noted with 
Ad-2 or Ad-31 antibody status, v^th the exception of a 
significantly lower (P<0.05) serum cholesterol in nonobese 
subjects positive for Ad-2 antibodies (Table 4). These results 
suggest that the increased prevalence of adenovirus anti- 
bodies in obese subjects and the paradoxical lowering of 
serum cholesterol and triglycerides associated with the 



Table 4 Antibody status of Ad-2 and Ad-31 and characteristics of obese and 
nonobese subjects 

Obese Nonobese 

t Antibody^ Antibody- Antibody-i- Antibody- 
I Ad'2 

Number 111 34 42 10 

Age(y) 46.0±9.9 44.0+12.0 30.9 + 9,7 36.2±18.1 

BMI(kg/m^) 39.1 ±9.0 38.2±7.0 22.2±2.5 21.8±1.6 

Cholesterol (mmol/l) 5.37±1.20 4.95±1.46 5.24±1.48 7.17±2.29* 

Ad-31 

Number 107 45 39 10 

Age(y) 45.8±9.9 44.3±13.9 31.9±12.1 30.5±12.1 

BMl(kg/m2) 37.6±8.4 35.3±5.7 21.6±2.1 23.5±1.9* 

Cholesterol (mmol/l) 5.02±1.28 5.35±1.40 5.50±1,87 6.08±1.84 

Mean ± standard deviation. *P<0.05. 



presence of Ad-36 antibodies is not common to all human 
adenoviruses. 

Study 2, twin studies 
Studies of Ad'36: Of the 178 twins 40 (22%) had 
antibodies to Ad-36. Six pairs were concordant Ad-36 AB + , 
56 pairs were concordant AB-, and 28 pairs were discordant 
for Ad-36 antibodies. In the 28 twin pairs who were 
discordant for Ad-36 antibodies, the individuals who were 
positive for Ad-36 antibodies were heavier and fatter than 
their co-twins who did not have Ad-36 antibodies. There 
were no differences in serum lipids in the discordant twin 
pairs (T^ble 5). The specific analyses were as follows: 

For both BMI and % body fat, there was a clear effect of Ad- 
36 status. AB+ twins had a BMI of 26.1 vs 24.5 kg/m^ 
(P<0.04) and % body fat was 29.6 V5 27.5 (P<0.04). There 
were no differences between AB + and AB- for cholesterol 
and triglycerides. 

Studies of Ad-2, Ad-31, and Ad-37: In contrast to Ad-36, 
there was no association of BMI and antibodies to Ad-2, 
Ad-31, and Ad-37 in twins discordant for antibodies to these 
viruses. The BMIs of AB + V5 AB- co-twins were 24.8 ± 4. 1 kg/ 
m^ (±s.d.) vs 24.0±2.9kg/m^ (P=0.21, N = 8) for Ad-2, 
24,1±4.9 vs 25.3±6.1kg/m2 (P=0.08, N = 23) for Ad-31, 
and 28.1±10.2 V5 26.5 + 7.2kg/m^ (P=0.36, N=S) for Ad- 
37. There were no significant differences in serum choles- 
terol or triglycerides based on antibody status for any of the 
three viruses. 



Discussion 

Animal data show that inoculation of Ad-36 reproducibly 
produces a syndrome of increased visceral adipose tissue and 
reduced serum cholesterol and triglycerides in chickens, 
mice, and non-human primates. Infection of human 
subjects cannot be performed for ethical reasons, so direct 
proof that Ad-36 increases body fat and lowers serum lipids 
in humans will be difficult to obtain. This study demon- 
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Table 5 Characteristics of twin sample {n~2S pairs), Study 2 



Antibody positive Antibody negative 



Age (y) 


33.0±15.7 


33.0±15.7 


Sex (% female/male) 


79/21 


79/21 


BMI (kg/nn^) 


26.1 ±9.8 


24.5 ±9,5* 


Body fat (%) 


29.6±9.5 


27.5 ±9.9* 


Cholesterol (mmol/l) 


473±1.37 


4.75±1.26 


Triglycerides (mmol/l)^ 


1.48±0.59 


1.48±0.42 



± Standard deviation. *P<0.04 vs antibody positive. ^Triglycerides measured 
on only 1 6 of the twin pairs because the others were not fasting. 



strated that both obese and nonobese subjects positive for 
Ad-36 antibodies had significantly higher BMIs and lower 
serum cholesterol and triglycerides levels compared to AB- 
subjects, thus demonstrating a syndrome similar to animals 
infected with Ad-36 in the laboratory. These data show an 
association, but causality for human obesity has not been 
proven. 

Our data show that the prevalence of Ad-36 antibodies is 
almost three-fold higher in obese vs nonobese individuals. 
To explain this, we considered the possibility that obese 
people might be more susceptible to Ad-36 infection than 
nonobese. Our data on antibody status for Ad-2 and Ad-31 
offer the most compelling evidence that obese people are not 
more susceptible to infection. We found that the prevalence 
of antibodies to Ad-2 and Ad-31 was similar between obese 
and nonobese, and that these human adenoviruses were not 
associated with changes in adiposity or serum lipids. Other 
evidence to refute this hypothesis comes from the literature 
on antibody formation in obese people. Exposure to Ad-36 
would be expected to produce antibodies in both nonobese 
and obese people. However, there are data suggesting that 
obese people have impaired immune function. Obese people 
vaccinated with hepatitis B virus have a reduced prevalence 
of antibodies, suggesting that immune response to this viral 
antigen is deaeased.^® This finding might suggest that obese 
people would be less likely to produce antibodies when 
exposed to Ad-36 than would lean people. It is unlikely that 
obese people would be exposed to Ad-36 more often than 
lean people. Thus, the prevalence of Ad-36 antibodies would 
be expected to be similar or lower in obese people, not 
higher. 

The average age of obese subjects was greater than that of 
nonobese, but the average age of AB -h subjects was similar 
among obese and nonobese. Thus, it seems vmlikely that an 
increased chance of viral infection simply due to age could 
explain the differences in Ad-36 antibody status between 
obese and nonobese. 

Evidence for an association of Ad-36 with increased body 
weight and adiposity in humans is provided by the twin data 
in this study. Within pairs, twins normally have a close 
correlation of body weight and body fat. Bouchard and co- 
workers^^"^^ demonstrated a higher correlation of body fat 
and visceral fat within twin pairs, compared to among twin 



pairs, with or without dietary perturbations. It is possible 
that there may be other confounding variables not con- 
sidered, but our findings of a significantly higher BMI and % 
body fat in the twins with Ad-36 antibodies support the 
hypothesis that Ad-36 increases adiposity in humans. We 
cannot explain the lack of a difference in serum lipids in 
discordant twins pairs, but most pairs were not obese and the 
length of time from exposure to the virus to our measure- 
ments could not be calculated. 

Ad-36 appears to differ from other human adenoviruses. 
There is no immunological crossreactivity between Ad-36 
and 47 of the 49 other human adenoviruses in the 
ATCC.^-"*'^ The other hviman adenoviruses tested in this 
study, Ad-2, Ad-31, and Ad-37, did not have differences in 
antibody status between obese and nonobese. Twins dis- 
cordant for antibodies to these other viruses had no 
differences in body weight or body fat. Serum cholesterol 
was lower in nonobese humans positive for Ad-2 antibodies, 
but levels of serum lipids were not otherwise correlated with 
presence of antibodies to Ad-2, Ad-31, or Ad-37. It appears 
that increases in adiposity and reduction of serum lipids are 
not routine consequences of infection with human adeno- 
viruses. 

The mechanisms by which Ad-36 increases adiposity in 
animals are not yet known. At least two other animal vimses 
produce obesity in animal models by damaging the 
hypothalamus. Our preliminary studies in animals did not 
demonstrate any lesions of the hypothalamus or other areas 
of the brain. In preliminary studies, we have demonstrated 
that DNA of Ad-36 may be isolated from adipose tissue of 
chickens 13 weeks after inoculation, non-human primates 
after 28 weeks, and in human adipose tissue from autop- 
sies.^^'^^ Also, in vitro studies in the 3T3-L1 tissue culture 
adipoblast cell line suggest that Ad-36 may alter adipocyte 
differentiation.^^ As compared to control cells, cells infected 
with Ad-36 differentiate much faster and accumulate 
triglycerides more rapidly. A control virus, Ad-2, did not 
have this effect. We postulate that Ad-36 affects fat cells 
directly, leading to an increased fat cell number and 
ina:eased fat cell size.^^ 

'|he mechanisms of alterations in serum lipids in both 
obese and nonobese humans also are unknown. Acute viral 
infections may lower serum cholesterol, but often produce 
elevations in serum triglycerides. The other animal models 
of virus-induced obesity are associated with elevated trigly- 
cerides.^^ Finally, it is not clear if the associations of 
elevated BMI and lowered serum lipids with positive Ad-36 
antibody status are linked, or are associated by different 
mechanisms. None of the other adenoviruses tested had any 
associations with either BMI or serum lipids, with the 
exception of Ad-2. Serum cholesterol was higher in the 
nonobese subjects AB-j- for Ad-2, but there were only 10 
people in this group and the standard deviation was high, so 
this may be a chance observation. 

Ad-36 was first isolated in 1978 in a diabetic child in 
Germany.^'"* More research is needed to determine if Ad-36 
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has played any role in the global epidemic of obesity that has 
occurred over the last approximately 20y}^'^^ 
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